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1. 0  AB^TrtAC T 

iU 

■Further  evaluation  of  the  toxicity  of  Hexanitroethane  has  been 
A 

carried  out  through  a  serie^i  of  studies  including  repeated  vapor  exposures 
to  three  air  levels  of  four  species  of  animals,  short  term  exposures  to 
saturated  vapors,  repeated  application  to  the  skin  of  rabbits  and  sensory 
responses  of  human  volunteers.  Evidence  of  toxicity  as  reflected  by 
mortality  and  decreased  weight  gain  was  present  in  all  species  exposed 
repeatedly  at  levels  of  3.0  ppm  in  the  ambient  air. 

oome  evidence  of  physiological  stress  appeared  in  all  species  ex¬ 
posed  to  1.  0  ppm.  as  mdicated  by  one  or  more  of  the  following;  mortality; 
increased  weight  of  the  lung;  pulmonary,  liver  and  kidney  pathology; 
changes  in  the  total  blood  urea  nitrogen.  No  significant  effects  were  pro¬ 
duced  on  the  circulating  blood  or  on  its  production.  Pathologic  changes 
were  primarily  limited  to  the  respiratory  tract,  in  which  a  number  of  struc 
tural  alterations  were  observed.  Liver  and  kidney  damage  was  seen  in¬ 
constantly.  and  generally  only  at  high  levels.  The  0.3  ppm  level  was  es¬ 
sentially  free  of  untoward  effects.  Exposures  to  the  saturated  vapors  of 
the  compound  was  markedly  deleterious  for  periods  of  more  than  20  min¬ 
utes  in  rats.  No  significant  irritation  was  produced  by  repeated  skin  contact 
with  the  materials. 

oensory  threshold  studies  were  conducted  which  indicated  that  eye 
irritation  was  a  significant  warning  sign  of  undesirable  concentrations.  A 
suggested  maximal  allowable  concentration  in  the  air  based  on  the  above 
studies  would  be  0.1  ppm.  in  the  absence  of  adequate  ventilation  to  achieve 
this  level,  protective  respiratory  devices  would  be  required  for  safe 


handling. 
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a ,  0  INTRODUCTION 

This  atu4y  wm  carried  out  at  the  request  of  Or.  Howard  Kinda- 
vaier  and  Mr,  H.  J.  dtooe  of  the  Lockheed  Corporation,  Missile  and 
Space  Division,  Sunnyvale.  California,  under  work  purchase  order 
No.  56-09365.  The  contract  was  arranged  through  the  Radiation  De¬ 
tection  Company  of  Palo  Alto.  California. 

The  purpose  of  the  study  was  to  explore  certain  aspects  of  the 
toxicity  of  the  candidate  rocketfuel  Hexanitroethane  (HN£)  in  order  to 
evaluate  the  possible  health  hazards  for  personnel  working  with  the 
compound,  and  to  establish  a  basis  for  predicting  safe  air  concentrations. 
Reference  is  made  to  our  Initial  report  on  acute  toxicity  of  HN£.  sub¬ 
mitted  to  Lockheed  Missile  and  Space  Division  on  October  15.  1960. 

The  current  investigation  was  directed  along  four  major  lines. 

The  first  involved  an  assay  of  the  potential  toxicity  from  re¬ 
peated  inhalation  of  the  vapors  of  HN£  by  the  means  of  a  90 -day  exposure 
of  rats  and  a  subacute  exposure  of  25  days  in  three  other  species;  rab¬ 
bits.  mice,  and  guinea  pigs. 

Attempts  to  arrive  at  the  probable  mechanism  of  toxic  action  of 
the  material  were  made  by  observation  of  the  physiological  effects  of 
the  material  on  tl;?  intact  animal,  and  by  an  evaluation  of  the  morpho¬ 
logical  changes  found  on  autopsy  of  severely  intoxicated  animals.  The 
potential  untoward  effects  from  repeated  skin  contact  was  determined 
following  repeated  application  of  the  material  to  the  skin  of  rabbits 
through  observations  of  the  skin  changes.  Assessment  of  the  warning 
properties  of  the  material  was  made  by  exposure  of  a  group  of  volun- 
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teers  to  vapor  concentrations  of  the  material  and  determination  of 
their  sensory  responses.  The  experiments  were  carried  out  at  the 
Hine  Laboratories,  Inc.,  in  oan  Francisco,  from  the  period  1  March 
through  15  November,  1961. 

3.0  METHODS 

The  general  methods  applicable  to  handling  of  the  different 
species  are  described  in  this  section.  Animals  were  housed  in  the 
common  animal  area  measuring  60'  x  25'.  Fresh  air  to  this  area  was 
provided  on  a  continuous  basis,  being  filtered  through  a  MoA  filter 
capable  of  removing  particles  down  to  0.1  micron  in  size.  The  temper* 
ature  in  the  area  was  controlled  by  thermostat  which  allowed  heating, 
but  not  cooling  of  the  air.  Forced  exhaust  of  the  area  was  obtained 
through  a  separate  ventilating  system.  The  temperature  was  main* 
tained  at  72^  F.  minimum,  and  did  not  exceed  80^  F.  in  the  housing 
area. 

Animals  were  kept  in  this  area  at  all  times  except  during  ex* 
posure  periods,  at  which  times  they  were  transferred  to  the  exposure 
area  on  the  third  floor  of  the  laboratory.  Exposures  took  place  in  a 
steel  cylindrical  chamber,  of  approximately  200  liters  capacity.  Air 
was  drawn  through  the  chambers  by  negative  suction,  and  metered 
through  standard  rotometers.  The  air  exchange  varied  between  4  and  12 
changes  per  hour.  The  hN£  vapors  were  volitalized  by  passing  air 
over  solid  HN£  powder  which  was  mixed  with  glass  beads  to  form  a 
maximum  surface  area  in  a  glass  tube  15  x  200  mm. 
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The  volume  of  air  paasing  through  the  HN£  tube,  and  that  pass¬ 
ing  to  the  chamber  were  balanced  empirically  to  give  the  desired  con¬ 
centration.  Laboratory  air  was  filtered  through  glass  wool  prior  to 
passage  over  the  HNE,  but  was  not  otherwise  treated;  no  filtration  of 
the  main  diluting  stream  was  made.  No  other  chemical  materials  were 
present  in  the  exposure  room  other  than  those  used  for  sampling  the 
HN£  vapors.  The  temperature  of  the  exposure  room  varied  between 
65^  F.  and  90^  E  with  a  mean  temperature  of  76°  F. 

Daily  checks  were  made  on  HN£  concentrations  within  the  cham¬ 
ber  and  the  relative  air  flows  adjusted  as  required.  Since  the  quantity 
of  HNE  vapor  depended  in  part  on  the  ambient  temperature,  measure¬ 
ments  were  made  more  frequently  on  warm  days. 

During  their  time  in  the  exposure  chambers,  the  rats,  mice, 
and  guinea  pigs  were  housed  in  separate  compartments  of  large, 
drawer-type,  steel  trays  with  multiple  perforations.  The  rabbits  were 
allowed  free  movement  within  the  chamber.  Rats  were  exposed  separ%. 
ately;  rabbits,  mice,  and  guinea  pigs  were  exposed  together. 

Analysis  of  hN£  vapors  was  carried  out  according  to  the  tech¬ 
nique  developed  in  this  laboratory. 

Rabbits  used  in  the  skin  irritation  study  were  housed  ir  the  same 
area.  At  the  time  during  which  the  material  was  placed  on  the  skin, 
they  were  confined  in  individual  holders.  These  were  placed  in  a 


hood  in  the  exposure  room. 
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3.1  METHODS  FOR  DETERMINATION  OF  VAPOR  CONCENTRATION 
OF  HEXANITROETHANE 
Reagents: 

1.  Standard  solution  of  HNE:  Accurately  weigh  500  milligrams 
of  HNE  nto  a  100  ml.  volumetric  flask  and  make  to  volume  with 
n-Hexane.  Batch  L-11  was  used  as  primary  standard. 

2.  Working  standard:  10.0  ml.  of  standard  HNE  is  diluted  to 
100  ml.  with  n-Her.ane  .  1  ml.  •  500  meg  HNE. 

3.  Color  development  reagent:  Dissolve  250  milligrams  of 
acenaphthene  in  250  ml.  of  benzyl  alcohol.  Add  5  drops  of  a  saturated 
solution  of  sodium  hydroxide  and  shake  vigorously. 

Preparation  of  Standard  Curve. 

Prepare  a  series  of  tubes  containing  100,  200,  300,  400,  and 
500  micrograms  of  HNE  standard.  Add  10.0  ml.  of  color  developing 
reagent  and  shake.  Determine  percent  transmission  using  a  Bausch  and 
Lamb  Spectronic  20  at  a  wave  length  of  470  against  a  reagent  blank. 
The  standard  curve  is  linear  throughout  the  range  of  100  to  800  micro-* > 
grams  of  HNE.  The  color  is  stable  for  24  hours.  Turbidity  will  develo 
after  several  hours  if  the  reagent  is  exposed  to  atmospheric  humidity. 
Determinations  of  Air  Concentration: 

In  collecting  air  samples,  all  glass  absorbers  were  used.  These 
consist  of  a  50  mi.  glass  stoppered  container  with  standard  taper  groun 
glass  connections  at  the  entrance  and  exit  tubes.  A  sintered  glass  tip 
of  coarse  porosity  is  fused  to  the  end  of  the  gas  entrance  tube  at  the 


bottom  of  the  inlet  tube. 
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iO.O  xnl.  mliquoU  of  th«  color  dcvelc^ing  reagent  were  used  as 
absorbing  solutions.  The  flow  oi  air  containing  HNE  from  the  exposure 
chambers  was  metered*  using  a  precision  wet  test  meter.  Samples 
were  drawn  as  it  bubbled  slowly  through  the  absorbing  solutions*  using 
negative  pressure  from  a  suction  pump.  Five.  ten.  and  fifteen  liter 
air  samples  were  taken  respectively  from  the  three  chambers,  theo¬ 
retically  containing  3.0.  1.0.  and  0.3  ppm.  HNE.  Fifteen  liter  sam¬ 
ples  from  the  control  chamber  were  also  analyzed  periodically  for 
interferences. 

The  entire  sampling  arrangement  consisted  of  expoimre  chamber, 
glass  absorber  containing  developing  reagent,  wet  meter,  and  vacuum 
pump  connected  in  series.  This  arrangement  permitted  freqvent  sampling 
of  theexposure  chambers  without  interruption  of  the  exposure  period. 

At  the  termination  of  each  metered  sampling  period,  th&  color 
reagent  was  transferred  to  ipectronic  20  tubes  and  percent  transmis- 
sitms  determined  at  470  using  a  reagent  blank  to  set  the  instrument. 
Concentrations  were  calculated  using  a  standard  curve  prepared  from 
Batch  L-U  of  HNE. 

3.2  DETERMINATION  OF  VARIOUS  LOTS  OF  HNE 

Three  lots  of  HNE  were  received  during  the  course  of  the  study; 
Batch  L-U,  Batch  L-VUl.  and  one  lot  having  no  batch  number. 

Lot  L-U  was  used  as  the  primary  standard  in  the  preparation  of 
the  standard  curve.  The  other  two  lots  were  compared  to  it  using  the 
same  procedure  as  that  emplc^ed  for  the  standard  curve. 
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8.3  R£PEAT£D  VAPOH  £:XPaSUHi::i  TO  HATS 

60  male  and  60  female  Long‘£vans  rats  obtained  from  the  Ani-- 
mal  Supply  Company  of  Napa.  California,  were  separated  according  to 
sex  and  housed  in  the  general  arnmal  area  for  a  period  of  two  weeks 
prior  to  introduction  into  the  experiment.  Tliey  were  then  randomized 
into  four  groups  of  15  each,  and  housed  3-4  to  a  cage.  The  different 
groups  were  randomized  into  one  of  four  treatments:  air  exposure 
(control),  3.0  ppm..  1.0  ppm.,  and  0.3  ppm.  Exposures  were  made 
for  periods  of  4  hours  daily,  5  days  a  week,  except  for  holidays,  until 
90  exposures  had  been  made  over  a  period  of  19  weeks.  Food  and  water 
was  allowed  ad  lib  except  during  exposure.  Food  consisted  of  standard 
laboratory  animal  pellets,  obtained  from  the  Animal  Supply  Company  an 
from  Braun  Knecht  Heimann.  The  animals  were  handled  daily  during 
the  five  exposures  per  week,  and  inspected  for  unusual  behavior,  signs 
of  toxicity,  'or  intercurrenl  disease  on  each  exposure.  No  specific 
treatment  was  rendered  the  animals  when  they  were  found  to  have  re¬ 
spiratory  tract  irritation  mcidental  to  the  exposure.  The  animals  were 
weighed  as  a  group  at  the  beginning  of  the  experiment,  approximately 
every  two  weeks  tliereafter,  and  before  sacrifice. 

During  the  experiment,  as  animals  died,  they  were  autopsied,  ex¬ 
amined  grossly,  and  sections  of  appropriate  organs  taken  for  histologic 
examination.  At  the  conclusion  of  the  experiment,  surviving  animals 
were  sacrificed.  Individual  rats  were  sacrificed  one  at  a  time  fol¬ 
lowing  anesthetization  with  ethyl  ether  and  opening  of  the  abdominal 
cavity  by  exsanguination  through  the  abdominal  aorta.  Blood  was 
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withdrawn  undar  carefully  applied  negative  pressure  into  a  10  ml. 
syringe.  Determinations  were  made  according  to  standard  clinical 
laboratory  procedures  for  the  amount  of  hemoglobin,  numbers  of  differ* 
ential  cells,  total  white  cell  count,  and  total  blood  urea.  Methemoglo* 
bin  values  were  not  determined  since  no  significant  qitantities  of 
hemoglobin  were  found  in  any  of  the  animals  dying  during  the  course 
of  the  exposure  to  the  highest  concentrations. 

After  exsanguination,  the  visceral  and  thoracic  cavities  were 
opened  completely  and  gross  inspection  was  made  of  all  of  the  organs. 
The  heart,  lungs,  liver,  and  kidneys  of  all  female  rats  were  weighed, 
and  in  the  case  of  male  rats,  the  testes  as  well.  These  tissues  toge¬ 
ther  with  the  thyroid,  trachea,  adrenal  glands,  pancreas,  section  of 
the  stomach,  bladder,  and  the  genital  organs  were  then  prepared  for 
microscopic  examination  by  obtaining  2-3  mm.  slices  of  appropriate 
area  and  placing  them  in  formaldehyde.  They  were  subsequently 
blocked,  cut,  stained,  and  examined  by  the  consulting  pathologist. 
Determination  of  the  total  cellular  count  of  the  bone  marrow  of  the 
right  femur  was  made,  according  to  the  method  of  Gerarde.  Any 
tumors  present  were  also  dissected  and  appropriate  sections  taken. 

Based  on  the  data  obtained  above,  determinations  were  then 
made  of  the  mean  weight  gain,  mortality,  organ/body  weight  ratios  of 
certain  organs  and  of  the  incidence  of  the  gross  and  microscopic 
pathological  findings  among  the  different  groups. 
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3.4  alNGLE  VAPOR  EXPQSUR£S  OF  RATS  TO  SATURATED  VAPORS 

35  male,  Long-£vans  rats,  weighing  between  250  and  300  gms. 
were  exposed  for  varying  lengths  of  time  to  air  saturated  with  vapors 
of  HN£.  Chemical  determination  indicated  this  level  to  average  13.2 
ppm.  during  the  course  of  the  experiment.  Subgroups  of  5  rats  each 
were  removed  commencing  at  5  minutes  after  exposure  and  subsequent¬ 
ly  at  10,  20,  40,  80,  and  160  minutes.  Survival  was  noted,  together 
with  the  time  of  death  when  it  occurred.  Surviving  animals  were  sacri¬ 
ficed  alter  2  weeks,  their  lungs  were  examined  for  gross  evidence  of 
pathology  and  sections  taken  for  microscopic  examination. 

3.5  REPEATED  VAPOR  ^XPQSUHaS  OF  MIC£ 

70  male  Swiss- Webster  mice  obtained  from  the  Animal  Supply 
Company  of  Napa,  California,  were  housed  in  the  Laboratory  for  a 
period  of  two  weeks.  From  this  group  60  were  chosen,  discarding  the 
5  highest  and  5  lowest  in  weight.  The  selected  group  were  divided 
into  lour  subgroups  of  15  each,  and  housed  in  shoe-box  cages,  contain¬ 
ing  sawdust.  They  were  allowed  food  and  water  ad  lib,  except  during 
the  time  of  exposure.  Exposures  were  made  in  stainless  steel  exposure 
cages,  the  animals  being  separated  in  individual  compartments.  Expo¬ 
sure  was  made  for  a  period  of  4  hours  to  the  pre-determined  concentra 
tions  of  3.0,  1.0,  and  0  3  ppm.  The  control  group  was  air-exposed. 
The  cages  were  checked  daily  for  mortalities  and  dead  mice  were  re¬ 
moved,  autopsied,  or.  on  weekends,  frozen  and  later  autopsied.  At 
the  conclusion  of  the  experiment,  surviving  animals  were  weighed 
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and  mean  wtighta  determined.  They  were  then  eacrificed  by  deca^iu* 
tioo.  following  ether  anesthesia,  and  the  heart,  liver,  kidneys,  and 
iun^  were  dissected  free  from  adventitious  tissue,  blotted  dry.  and 
weighed.  Organ/body  weij^ts  were  calculated  from  this  data.  Mor¬ 
tality  data  was  summarized,  and  mean  weight  gains  calculated.  Since 
the  previotis  experiment  with  rats  had  shown  no  significant  changes  in 
the  blood  picture,  blood  clinical  studies  were  not  carried  out  on  this 
species.  Following  aut<^sy,  the  tissues  were  inspected  grossly,  ab¬ 
normal  appearing  organs  removed,  and  sections  of  the  liver,  kidneys 
and  lungs  taken  for  microscopic  study. 

3.6  REPEATED  VAPOR  EXPOSURES  OF  kABBITS 

16  male  albino  rabbits,  weighing  between  2.2  and  3.0  kg.  were 
obtained  from  a  local  animal  supplier.  These  animals  were  housed  for 
two  weeks  prior  to  induction  into  the  experiment.  As  all  appeared 
healthy,  and  gained  weight  normally,  at  the  end  of  this  time,  they 
were  randomized  into  4  groups  of  4  each,  and  housed  singally  one  to 
a  cage.  They  wera  fed  a  diet  of  standard  laboratory  rabbit  pellets, 
augmented  by  greens  tw5.ce  weekly.  Exposures  were  made  to  the  same 
levels  as  those  used  with  the  other  species.  The  animals  were  in¬ 
spected  daily  for  evidence  of  untoward  effects.  Their  weight  at  the 
beginning  and  the  conclusion  of  the  35  exposures  was  determined,  at 
which  time  they  were  sacrificed.  Autopsies  were  done  on  all  animals 
as  they  died  during  exposure,  and  on  sacrificed  animals  at  the  con- 
cltision  of  the  experiment.  The  animals  were  sacrificed  by  a  blow  on 
the  cervical  spine  after  which  their  juglar  veins  were  cut.  Organ- 


11. 


body  weights  were  determined  on  the  lungs,  of  tlie  surviving  animals. 
Blood  was  obtained  terminally  for  a  clinical  study  and  determination 
of  the  urea/nitrogen  values. 

3.7  R£PEATED  VAPOR  EXPOSURES  OF  GUINEA  PIGS 

32  male  guinea  pigs  were  obtained  from  the  Diablo  Labo.^  stories, 
and  housed  for  a  one*week  period  prior  to  induction  into  the  experiment. 
As  all  animals  appeared  healthy  at  the  time  they  were  randomized  into 
groups  of  8  each,  and  these  groups  randomized  among  the  4  exposure 
treatments.  Exposures  were  made  daily  with  the  animus  being  confines 
in  the  stairdess  steel  compartments  in  the  exposure  chamber. 

Exposures  were  terminated  at  the  end  of  the  5th  week,  since 
there  was  only  1  surviving  animal  in  the  vapor  exposed  group.  Since 
there  were  no  significant  survivals,  blood  work  was  not  done  on  the 
guinea  pigs,  nor  was  it  possible  to  obtain  weight  gain  or  organ/body 
weight  ratios. 

3.8  KEPEATED  SKIN  APPLICATIONS  TO  RABBITS 

Six  albino  rabbits,  weighing  between  2.0  and  3.0  kg.  were  de> 
lipitated  with  a  hair  clippers,  and  their  skins  allowed  to  heal  from 
cuts  and  abrasions  for  a  period  of  72  hours.  Following  this,  there 
were  designated  5  spots  on  the  rabbit's  skin,  randomly  located  over 
the  back.  On  2  of  these,  five  drops  of  hexane  were  applied,  and  on  the 
other  3  spots,  five  drops  of  a  saturated  solution  of  HNE  in  hexane. 

The  material  was  Inuncted  in  the  skin  and  at  the  end  of  1  hour,  all  areas 
were  sponged  with  hexane.  20  applications  were  made  in  this  manner 


12. 


ov«r  a  period  of  5  weeks.  Skin  irritation  scores  were  znade  by  the 
standard  method  of  Draize,  readings  were  recorded  for  skin  irritation 
at  the  end  of  a  1  hour  period  of  application,  prior  to  removing  the 
excess  material,  and  22  hours  later,  prior  to  the  next  application. 

The  degree  of  erythema  and  edema  was  rated  on  the  Draize  scale,  which 
rates  on  an  arbitrary  scale  from  0  to  8. 

3,9  HUMAN  SENSORY  R£SPONSES 

Nine  subjects,  taken  from  a  group  of  volunteers  were  exposed 
to  varying  concentrations  of  HN£  vapors,  and  their  sensory  responses 
recorded  initially  on  exposure  and  at  minute  intervals  thereafter  for  a 
period  of  5  minutes.  The  number  of  individuals  undergoing  an  exposure 
at  one  time  varied  from  S  to  8,  Exposures  took  place  in  the  15,  000 
liter  exposure  chamber  into  which  were  metered  appropriate  concentra¬ 
tions  of  HNE  vapors.  Analyses  were  made  before  entry  to  the  chamber, 
during  the  residence  time  and  for  short  periods  thereafter.  The  subjects 
were  unaware  of  the  concentration  to  which  they  were  being  exposed. 
These  were  known  only  to  the  analyst.  Nominal  concentrations  ranged 
from  0.25  to  2,0  ppm.  The  chamber  was  equipped  with  circulating  fans, 
a  communicating  system,  and  a  one-way  view  miror.  The  subjects 
were  tinder  constant  observation,  but  did  not  know  when  they  were 
being  observed.  The  sensory  responses  of  eye  irritation,  nose  irrita¬ 
tion,  pulmonary  discomfort,  olefactory  cognition,  and  central  nervous 
system  effects  were  recorded  on  the  scale  usually  used  in  this  labora¬ 
tory.  This  varies  over  a  five-fold  range,  including;  "No  recognition, 
dlight.  Moderate,  Severe,  or  Extreme"  responses. 
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4.0  RgSULTi 

la  paragrapha  4.1  throui^  4.  i  there  appears  a  narrative  descrip' 
tioo  aumaiarising  the  reaulta  obtained  in  the  different  experimenta.  The 
majority  of  data  la  preaented  in  tabular  form.  Referencea  are  made  to 
theaa  tablea  in  each  aection. 

4.1  KlEAdUKgMENT  OF  DIFFERENT  VAPOR  CONCENTRATIONS 

The  mean  vapor  coacentrationa  at  the  different  exposure  levels 
checked  extremely  well  with  the  nominal  concentrations.  The  3.0  ppm 
nominal  level  averaged  3.17«  the  1.0  ppm  averaged  0.92.  and  the  0.3  ppm 
averaged  0.36.  Oue  to  alterations  in  ambient  air  temperature  it  was  not 
possible  to  control  the  levels  exactly;  however,  two  standard  deviations 
from  the  mean  encompassed  values  which  did  not  exceed  the  nominal  con¬ 
centration  by  S0%.  Absolute  variations  for  the  two  lower  concentrations 
were  actually  very  small. 

4.3  MEASUREMENT  OF  DIFFERENT  LOTS  OF  HNE 

Batch  L->11  was  taken  as  the  standard  for  comparison  with  the  two 
other  batches  which  were  analysed.  Batch  L*VI11  contained  105%  HNE.  as 
compared  to  the  standard,  where  the  lot  having  no  batch  number  contained 
107%  HNE.  No  other  batches  were  requested  to  be  analyzed. 

4.3  REPEATED  VAPOR  EXPOSURE  OF  RATi 

The  findings  relative  to  the  exposure  of  male  and  female  rats  are 
contained  in  paragraphs  4.30  >  4.39.  For  ease  of  comparison  with  the 
results  obtained  through  testing  other  species,  these  data  are  described  in 


15. 


separately  numbered  paragraphs,  llie  study  on  rats  was  ci  longer  dura* 
tion  and  survival  ratios  allowed  more  observations  to  be  made  than  with 
other  species. 

4.31  BEHAVIOR 

Inhalation  of  HN£  vapors  did  not  produce  any  characteristic  alter¬ 
ation  in  behavior  pattern  of  male  or  female  rats.  In  both  sexes  prior  to 
death,  there  was  observed  general  decreased  activity  and  failure  to  respond 
to  stimuli,  however,  this  was  no  different  than  the  behavior  generally  noted 
in  animals  with  any  acute  disease  or  intoxication  state.  The  behavior  was 
compatible  with  that  seen  in  acute  pulmonary  edema  and  pneumonia,  in 
that  respiratory  rates  were  generally  increased  and  breathing  appeared 
labored. 

4.32  GkOv^TH 

No  significant  depression  in  the  growth  rate  of  male  or  female  rats 
was  seen  at  either  C.3  or  1  ppm  throughout  the  experiment.  At  the  3.0  ppm 
level,  the  weights  of  surviving  animals  at  the  end  of  the  6th  week  was  sig¬ 
nificantly  less  than  those  of  the  controls,  for  both  males  and  females.  Fol¬ 
lowing  cessation  of  exposure  of  the  one  surviving  female  exposed  to  3.0  ppm 
there  was  a  rapid  regain  of  body  weight,  and  the  terminal  weight  of  this 
single  animal  was  equivalent  to  that  of  the  control.  On  autopsy  of  this 
animal,  however,  the  lungs  were  found  to  be  markedly  enlarged,  and  mi- 
croscopic  examination  showed  peribronchiolitis  and  patchy  bronchopneu¬ 
monia.  The  majority  of  animals  that  died  during  the  experiment  showed  a 


weight  loee  lit  comparison  with  the  control  group  at  that  tlme«  and  frequent¬ 
ly  with  their  own  starting  weight  as  well*  Tables  1  and  lA. 

4.33  MQKTAUTY 

One  of  IS  animals  in  the  female  controls*  and  two  of  the  15  male 
controls  died  during  the  90  day  exposure  period.  There  were  no  significant 
differences  in  mortality  among  the  0.3  and  1.0  ppm  groups  from  the  controls 
in  either  male  or  female  groups.  Fifteen  of  16  females  in  3.0  ppm  had  died 
by  the  7th  week  of  exposure*  and  all  14  males  had  died  by  the  6th  week  of 
exposure.  There  was  no  significant  difference  in  total  mortality  of  the  male 
and  female  groups  at  3.0  ppm*  although  the  mortality  rate  was  slightly 

accelerated  in  the  case  of  the  males.  Mortality  figures  are  summarized 
in  Tables  3  and  4. 

4.34  ORGAN/ BODY  WEIGHT 

No  significant  differences  in  the  organ/body  weight  ratios  of  the 
heart*  liver  or  kidneys  occurred  among  thve  three  groups  and  the  control. 
The  lungs  of  animals  exposed  at  the  1.0  ppm  level  were  significantly 
heavier  (p<  .05)  than  those  of  the  controls.  The  lungs  of  the  single  female 
rat  surviving  at  3,0  ppm  were  also  heavier*  but  statistical  comparisons 
could  not  be  carried  out  due  to  the  limitation  in  sample  size.  Lungs  of 
female  rats  at  the  0.3  ppm  were  heavier,  but  not  significantly  different 
from  the  control  at  the  .05  level  of  significance  (Table  8).  In  the  case  of 
the  male  rats*  no  significant  difference  in  organ  body  ratios  was  seen  in 
the  heart*  liver*  kidney,  and  testes.  In  the  1.0  ppm  group  the  lungs  again 
were  significantly  heavier  than  those  of  the  control  group.  There  was  an 
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excellent  check  in  the  mean  values  ol  all  other  organ/body  weight  ratios 
(Tables  8  and  8). 

4.35  BLOOD  COUNTS  AND  BON£  MAhhQVv 

No  significant  differences  were  seen  in  the  hennoglobin  levels  or 
in  the  differential  counts  of  either  mala  or  female  rats  in  the  different 
exposure  groups  as  compared  with  the  control  values.  In  the  case  of  fe¬ 
male  rats,  there  was  a  significant  increase  in  the  tot  i  white  blood  cell 
count  at  both  1.0  and  0.3  ppm.  and  in  the  bone  marrow  counts  at  these 
levels  as  well.  In  the  male  rats  this  difference  in  white  blood  cell  counts 
occurred  at  the  same  exposure  levels,  although  the  bone  marrow  count  of 
only  the  0.3  ppm  group  was  significantly  higher  than  those  of  the  control. 
We  interpret  this  data  as  indicating  an  increased  activity  of  the  anti-in¬ 
fective  defenses  of  the  rats.  These  were  probably  stimulated  by  the  re¬ 
spiratory  tract  irritation  with  resulting  tendency  for  pulmonary  infection, 
since,  as  will  be  noted,  spotty  bronchopneumonia  is  quite  frequent  in 
these  groups  exposed  to  the  higher  levels  of  HN£  concentrations.  It  will 
be  noted  that  in  the  differential  count,  there  is  present  in  rats  a  prepon¬ 
derance  of  lymphocytes,  and  a  relative  decrease  in  neutrophils,  a  reversal 
of  the  ordinary  distribution  seen  in  man.  Total  white  blood  cell  count  in 
males  and  females  (control  group)  reflects  the  levels  generally  seen  in 
this  strain  of  rat  and  are  in  keeping  with  values  found  in  previous  experi¬ 
ment  in  this  laboratory.  The  relatively  high  levels  of  total  nucleated  bone 
marrow  cells  in  the  vapor  exposed  groups  indicates  no  depression  of  the 
ability  to  produce  red  cells  and  granulocytes  and  no  significant  adverse 
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effect!  00  the  blood  have  been  elicited  by  this  treatment  (Tables  >2  and  13). 

It  was  not  possible  to  demonstrate  the  presence  of  methemoiflob  «  in  the 
blood  of  the  hipest  exposed  group,  and  this  physiologically  altered  pig¬ 
ment  is  apparently  not  formed  due  to  exposure  to  HNE. 

4.36  BLOOD  UREA  NITROGEN 

Blood  urea  nitrogen  values  were  elevated  in  both  male  and  female 
rats  at  1.0  ppm  and  0.3  ppm.  levels  of  HNE  exposure  in  comparison  with 
the  controls.  The  mean  values  of  male  and  female  control  rats  were,  for 
experimental  purposes,  identical.  There  was  a  moderate  but  significant 
elevation  in  the  v^>or  exposed  groups.  This  is  probably  a  reflection  of 
the  altered  liver  and  kidney  changes  noted  on  micorscopic  examLiations. 
and  indicates  a  moderate  disfunction  of  the  kidneys,  secondary  to  the 
ex(>osure  (Table  16). 

4.37  GROoo  PATHOLOGY 

Duffiise  enlargement  of  the  lungs,  termed  as  emphysema  by  us, 
was  the  gross  pathological  effect  most  commonly  seen  in  male  and  female 
rats  dying  during  the  weeks  of  exposure.  Pulmonary  edema  was  frequently 
present  also.  In  the  latter  cases,  the  cut  surfaces  frequently  oozed  a  pink 
thin  fluid.  Congestion  of  the  liver  with  darkening  of  the  pigment  was  seen 
also  with  frequency.  Oiher  incidental  findings  are  noted  in  Tables  16  and  17, 
Findings  at  autopsy  of  male  rats  at  sacrifice  at  the  termination  of  the 
experiment  were  generally  not  related  to  the  lung.  No  growth  deviations 
appeared  in  the  control  animals,  and  at  1.0  ppm  only  two  animals  had  a 
generalized  emphysema.  The  incidental  finding  in  other  male  rats  was 
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that  of  mesentery  tumor,  which  occurred  in  two  animals  in  the  control 
group,  five  at  0.3  ppm,  and  five  at  1.0  ppm.  level.  These  were  approxi- 
mately  1  cm  in  diameter,  oval,  and  generally  located  near  the  caecum  or 
suspended  in  the  mesentery.  They  were  firm,  non-encapsulated  and  cutting 
revealed  a  whitish  to  pink  mass.  Microscopic  findings  later  identified  them 
as  lymphnodes  with  an  acute  inflammatory  response,  the  cause  of  which 
was  not  determined.  In  female  rats,  nine  of  the  animals  exposed  to  1.0  ppm 
had  some  gross  pathology  in  the  lung,  predominantly  emphysema,  but 
bronchiectasis  and  sacculation  were  also  noted.  Only  one  control  animal  was 
ooserved  to  have  enlargement  of  one  of  the  lung  lobes.  At  0.3  ppm,  no 
female  rats  had  gross  lung  pathology;  however,  nine  animals  were  noted 
to  have  the  mesentery  tumors,  and  one  had  a  liver  which  was  more  friable 
than  usual.  A  few  other  gross  findings  unrelated  to  the  treatment  were 
observed  (Tables  21  and  22). 

4.38  MlCKOaCOPlC  PATHOLOGY 

The  major  portion  of  microscopic  pathology  was  confined  princi¬ 
pally  to  three  tissues:  the  lui.gs,  liver,  and  kidneys.  Occasionally  micro¬ 
scopic  changes  were  also  noted  in  the  spleen,  heart,  and  lymphnodes.  As 
regards  animals  which  died  during  the  weeks  of  exposure,  the  most  com-- 
mon  pathology  referable  to  the  lungs  in  female  rats  was  bronchopneumonia. 
On  examination  of  these  tissues  15  or  16  female  rats  and  4  of  14  male  rats 
had  this  change.  In  two  female  rats  interstitial  pneumonia  and  congestion 
were  also  noted  at  the  3.0  ppm  level.  One  or  the  other  of  these  latter  two 
findings  was  noted  in  6  of  the  7  male  rats  at  the  top  level  also.  6even  of 
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th«  malt  rata  which  diad  also  had  a  peribroochiolitia  roost  cororoooly  noted 
in  the  top  level  of  ejqpoenre.  A  common  accoropaniroent  of  the  broncho* 
pneumonia  in  the  female  rata  waa  congestion  of  the  liver  and  focal  necrosis 
of  the  kidneys.  Two  rata.  or*j  male  and  one  female  in  the  top  group,  also 
developed  an  endocarditis.  The  mesenteric  tumors  described  on  gross 
pathology  were  found  to  be  lymphnodea  showing  varying  degrees  of  acute 
inflammatory  response  and  increased  lymphocyte  production,  oome  nodes 
had  hemorrhaged  and  derangement  of  the  normal  lymph  structure  was 
noted  (Table  24). 

All  of  the  animals  which  were  sacrificed  at  the  end  of  the  expert* 
roent  ware  noted  to  have  peribronchiolitis.  This  occurred  in  the  control 
as  well  as  the  exposure  groups.  In  addition,  however,  bronchopneumonia 
and  interstitial  pneumonia  were  noted  with  frequency  in  both  the  0.3  and  1.0 
ppm  groups  of  female  rats.  This  condition  was  *>ot  seen  in  any  of  the  con* 
trol  animals,  male  or  female.  Bronchopneumonia  also  appeared  in  all  of 
the  male  rata  exposed  to  0.3  and  1.0  ppm.  Interstitial  pneumonia  was  pre* 
sent  in  all  male  rata  at  the  1.0  ppm  level.  No  significant  liver  or  kidney 
changes  were  noted  in  female  rats,  however,  all  of  the  male  rats  exposed 
to  0.3  ppm  had  varying  degrees  of  focal  granuloma.  This  grau.uloma  oc*- 
curred  in  4  of  the  10  control  animals  as  well,  and  is  probably  related  to 
an  incidental  tapeworm  or  an  endoparasite  infection.  It  is  not  felt  to  reflect 
a  toxic  effect  of  the  HNE,  There  were  no  other  incidental  findings  of  sig¬ 
nificance  other  than  the  presence  of  the  mesenteric  tumors  which  were 
described  previously.  Essentially  free  of  pathology  were  the  reproductive 
organs,  gastrointestinal  tract,  thyroid,  trachea,  pancreas  and  bladder. 
(Table  25). 
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4.40  jINGLE  VAPOK  g^XPOSUHc  OF  liATo  TO  SATUnATED  VAPOKa 
All  rats  exposed  for  5  or  10  zpinutes  recovered,  though  the  latter 
group  showed  slight  dyspnea  on  retnoval  from  the  chamber.  At  the  20  min* 
ute  exposure.  3  of  5  animals  survived.  One  died  six  hours  after  the  start 
of  the  exposure,  and  the  second  24  hours  later.  At  the  40  minute  exposure 
period,  only  one  animal  lived,  death  occurring  at  the  same  time  period  as 
in  the  20  minute  exposure. 

At  80.  120.  and  320  minutes  no  animals  survived.  Death  occurred 
in  the  90  minute  group  2.5  hours  after  commencing  the  exposure,  and  all 
were  dead  at  3.5  hours  following  termination  of  the  exposure.  At  the  160 

k 

and  320  minute  exposures  all  animals  died  between  the  third  and  fourth 
hours  of  exposure. 

On  sacrifice  of  the  remaining  animals.  20  days  later,  there  was  no 
significant  pulmonary  pathology  seen  on  gross  autopsy.  On  microscopic 
examination  there  was  a  patchy  bronchopneumonia,  though  no  significant 
fibrosis  in  the  surviving  animals.  No  liver  or  kidney  changes  were  ap- 
parent  grossly  or  microscopically. 

4.50  Ri::P£ATED  VAPOR  EXPOSUKEa  OF  MIC£ 

bub'paragraphs  4.51  though  4.56  summarize  the  observations 

\ 

noted  in  mice.  Observations  were  made  relative  to  behavior,  growth, 
mortality,  organ/body  weight  ratios,  and  gross  and  microscopic  pathology. 

4.51  BEHAVIOR 

No  alterations  in  general  behavior  were  noted  in  mice  exposed  to 
various  vapor  concentrations  in  comparison  with  the  control  groups. 


22. 


On  exposure  to  pulmonary  irritants,  mice  frequently  show  increased  ac¬ 
tivity  and  excitement.  This  was  noted  only  in  the  top  exposure  group, 

3.0  ppm,  in  these  experiments. 

4.52  GROWTH 

The  mean  weight  gain  of  all  groups  was  less  than  that  of  the  con¬ 
trols,  but  only  at  3.0  ppm  was  this  significantly  different.  At  that  level 
there  was  an  actual  decrease  in  the  mean  weight  of  surviving  animals  in 
comparison  with  their  initial  starting  weight.  During  the  time  of  exposure 
the  control  grpup  increased  in  weight  24%  over  their  initial  starting 
weights  (Table  2). 

4.53  MORTAUTY 

There  were  no  significant  differences  in  mortality  between  the  con¬ 
trol  group  and  those  exposed  at  0.3  and  1.0  ppm;  however,  at  3.0  ppm  there 
were  only  five  survivors  of  the  15  original  animals  exposed,  and  the  mor¬ 
tality  was  significantly  higher  in  that  group,  Six  of  the  mice  at  the  3.0  ppm 
level  died  at  the  fourth  and  fifth  weeks.  Mice  were  slightly  more  resistant 
than  rats  to  exposures  of  the  higher  levels  of  HN£  (Table  5). 

4.54  ORGAM/BODY  WEIGHT  KATIOS 

There  were  no  significant  changes  in  the  organ/body  weight  ratios 
of  the  hearts,  livers,  and  kidneys  of  the  exposed  mice.  No  differences  in 
the  lung  weights  were  noted  at  0.3  ppm  level,  but  at  both  the  1.0  and  3.0 
ppm  levels  there  was  a  significant  increase  in  lung  weight.  The  weight  at 
the  3.0  ppm  level  was  nearly  double  the  value  of  the  control  group.  This 
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was  due  in  part  to  the  lower  body  weights  of  the  surviving  animals.  This 
increase  in  lung  weights  we  interpret  as  indicating  an  increased  fluid 
retention  and  tissue  hypertrophy  in  response  to  irritation. 

4.55  GhObj  PATHOLOGY 

Not  all  of  the  animals  which  died  at  3.0  ppm  were  suitable  for 
autopsy,  and  observations  were  made  on  only  8  of  the  10.  Of  those  ani> 
mals  which  died  during  the  1st  week,  no  abnormalities  of  the  lung  were 
apparent  grossly.  In  fact,  only  3  of  the  10  animals  which  died  showed  evi¬ 
dence  of  lung  pathology  in  terms  of  congestion,  emphysema,  or  hemorrhage 
In  two  animals  gross  pathology  indicated  by  white  cyst-like  areas  on  the 
liver  were  noted.  The  findings  in  general  were  not  significantly  related 
to  the  exposures.  At  the  time  of  sacrifice,  there  were  minimsd  gross 
pathological  changes  noted.  Emphysema  was  questionably  present  in  one 
animal  (Tables  19  and  23). 

4.56  MICROSCOPIC  PATHOLOGY 

^  *  No  significant  microscopic  pathological  changes  were  seen  in  con¬ 
trol  mice  or  those  exposed  to  0.3  ppm  and  1.0  ppm  levels  in  animals 
which  died  during  the  exposure  period;  however,  at  the  0. 3  ppm  level  4 
of  6  mice  had  congestion  of  the  lungs,  and  3  also  showed  focal  necrosis  of 
the  liver  and  kidneys.  In  tissues  obtained  on  sacrifice,  the  control  mice 
were  exceptionally  free  of  any  pathology,  in  only  one  animal  was  there  an 
abnormal  finding;  in  this  case  there  was  evidence  of  repair  and  regener¬ 
ation  of  the  liver.  All  of  the  animals  exposed  to  0.3  ppm  showed  peri¬ 
bronchiolitis,  and  similarly,  there  was  100  per  cent  involvement  of  the 
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lungs  St  0.3  snd  1.0  ppm  levels  with  interstitial  pneumonia.  Broncho¬ 
pneumonia  was  not  seen  in  this  species.  Also  not  noted  in  the  mice  were 
accompanying  liver  and  kidney  damage  at  the  time  of  sacrificc.(  Tables  24 
and  25).  The  rest  of  the  tissues  of  the  exposed  mice  showed  no  significant 
abnormality,  and  the  inflammatory  lymphnodes  seen  in  the  rat  species 
were  not  identified  in  the  mice. 

4.60  R£PEATED  VAPOK  £XP06\)H£6  OF  RABBITS 

Observations  on  the  rabbits  included  behavior,  growth,  mortality  . 
and  Uxnited'blood  work.  The  latter  includes  determination  of  blood  urea 
nitrogen.  It  was  not  feasible  to  obtain  quantitative  bone  marrow  in  these 
species,  so  this  was  not  done. 

4.61  BEHAVIOR 

No  unusual  behavior  patterns  were  noted  in  the  rabbits  with  the 
exception  of  general  uneasiness  at  even  low  vapor  concentrations. 

4.62  GROWTH 

There  were  no  surviving  animals  in  the  1.0  and  3.0  ppm  groups, 
and  since  weights  were  determined  oaly  at  the  begiiming  and  termination 
of  the  e]q>eriment.  there  were  no  observations  relative  to  these  two  groups 
At  0.3  ppm  there  was  a  slight  decrease  in  weight  gain  which  was  not  sig¬ 
nificantly  different  from  the  initial  weight  or  from  the  changes  in  the 
control  group. 

4.63  MORTALITY 

Two  animals  in  the  control  group  died  during  the  fifth  and  sixth 
weeks  of  exposure,  while  only  one  rabbit  died  in  the  0.3  ppm  group. 


No  significant  mortality  differences  will  be  seen  in  these  groups,  therefo; 
All  animals  exposed  at  the  highest  levels  (3.0  ppm)  died  during  the  first 
week  of  exposure,  and  it  was  noted  that  they  had  extreme  respiratory 
difficulty  following  single  exposures.  We  concluded  that  the  rabbits  were 
more  sensitive  to  the  vapors  of  HN£  than  the  rats  and  mice, 

4.64  ORGAN /BODY  WEIGHTci 

The  terminal  mean  lung/body  weight  ratio  for  the  control  animals 
was  0.45%,  and  that  of  the  group  exposed  to  0.3  ppm,  0.68%.  While  the 
group  exposed  to  HNE  had  a  heavier  lung  weight,  the  number  of  animals 
surviving  was  too  small  to  justify  conclusions  based  upon  the  available 
data. 

4.65  BLOOD  COUNTa 

The  total  vhite  cell  blood  counts  of  the  surviving  rabbits  in  the 
0.3  ppm  group  were  double  that  of  the  control  values.  There  was  no  es¬ 
sential  difference  in  the  hemoglobin  concentrations,  however.  The  differ¬ 
ential  counts  also  showed  a  slight  increase  in  the  numbers  of  eosinophils 
present  in  vapor-exposed  groups  in  comparison  with  the  controls.  As  in 
the  case  of -rats,  the  predominant  cell  in  the  peripheral  blood  of  these 
animals  was  the  lymphocyte.  No  essential  changes  were  seen  in  the  ccl' 
distribution,  and  there  did  not  seem  to  be  any  significant  effect  on  the 
peripheral  blood  through  the  treatment  offered.  No  animals  survived  in 
the  two  higher  levels  of  exposure,  and  consequently  no  data  is  available 
for  comparison  in  this  group  (Table  14). 
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4.66  BLOOD  UK£A  NITROGEN 

No  clgnificoQt  difforonces  occurred  in  the  blood  urea  nitrogen 
UveU  betwoKi  the  control  group  and  the  three  aunrtviag  animala  which  had 

received  0.9  ppxn.  (Table  15). 

4.67  GHOod  PATHOLOGY 

deven  of  the  8  animala  expoeed  to  the  vapora  of  HNE  ahowed  gross 
evidence  of  pulmonary  pathology.  Thia  included  mottling  of  the  lung,  em* 
phyaema.  marked  pulmonary  edema  with  hemorrhagic  blood  fluid,  and 
lobar  pneumonia.  No  other  aignificant  grosa  pathological  findings  were 
noted  in  eiq>oaed  animala.  Two  control  animala  died.  In  one  there  was 
some  evidence  ci  liver  pathology;  both  had  shown  evidence  of  diarrhea; 
and  there  was  a  bronchial  pneumonia  present  in  one  animal.  On  sacrifice 
of  the  surviving  rabbits,  there  was  a  finding  of  encysted  parasites  in  the 
liver  of  the  control  animal,  and  a  lung  cyst  with  caaeatitxi  in  one  exposed 
to  0.3  ppm.  These  findings  were  not  felt  to  relate  to  the  treatment,  but 
indicated  incidental  endoparasitic  infection  (Tables  18  and  23). 

4.66  MICROSCOPIC  PATHOLOGY 

All  of  the  rabbits  which  died  during  the  exposure  to  3.0  or  0  1 
showed  extensive  bronchopneumonia.  In  addition,  there  was  congesticii 
in  5  of  these.  At  autopsy,  the  0.3  ppm  animals  showed  peribronchlolit'o 
This  was  not  seen  in  the  control  animals.  In  general,  the  amount  of 
changes  in  the  lungs  of  rabbits  was  more  extensive,  involving  a  greater 
total  of  lung  volume  than  was  noted  in  the  other  species,  and  deau  at  the 
higher  levels  was  more  rapid. 
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4.66  BLOOD  Uh£A  NITROGEN 

No  lignificopt  diffortnceo  occurred  in  the  blood  urea  nitrogen 
leveU  betwoMi  the  control  group  and  tha  three  aurrlyiag  animals  which  had 
received  0.3  ppm.  (Table  IS). 

4.67  GKOod  PATHOLOGY 

deven  of  the  6  animals  exposed  to  the  vapor§  of  HNE  showed  gross 
evidence  of  pulmonary  pathology.  This  included  mottling  of  the  lung,  em* 
physema,  marked  pulmonary  edema  with  hemorrhagic  blood  fluid,  and 
lobar  pneumonia.  No  other  significant  gross  pathological  findings  were 
noted  in  eiqKMed  animals.  Two  control  animals  died.  In  one  there  was 
some  evidence  of  liver  pathology;  both  had  shown  evidence  of  diarrhea; 
and  there  was  a  bronchial  pneumonia  present  in  one  animal.  On  sacrifice 
of  the  surviving  rabbits,  there  was  a  finding  of  encysted  parasites  in  the 
liver  of  the  control  animal,  and  a  lung  cyst  with  caseatitm  in  one  exposed 
to  0.3  ppm.  These  findings  were  not  felt  to  relate  to  the  treatment,  but 
indicated  incidental  endoparasitic  infection  (Tables  18  and  23). 

4.68  MICROSCOPIC  PATHOLOGY 

All  of  the  rabbits  which  died  during  the  exposure  to  3.0  or  0  1 
showed  extensive  bronchopneumonia.  In  addition,  there  was  congestion 
in  5  of  these.  At  autopsy,  the  0.3  ppm  animals  showed  peribronchiolitis 
This  was  not  seen  in  the  control  animals.  In  general,  the  amount  of 
changes  in  the  lungs  of  rabbits  was  more  extensive,  involving  a  greater 
total  of  lung  volume  than  was  noted  in  the  other  species,  and  deain  at  the 
higher  levels  was  more  r^>id. 


4.7  R£PEATED  VAPOR  EXPOSURE  OF  GUINEA  PIGS 


The  experience  on  the  exposure  of  the  guinea  pigs  was  not  as 
isfactory  as  had  been  hc^ed;  and  the  heavy  mortality  in  all  groups  includin' 
the  control  interferred  with  the  accumulation  of  significant  quantities  of 
data.  Ill  animals  were  treated  with  antibiotics,  without  success.  Be- 
cause  no  animals  were  sacrificed,  it  was  not  possible  to  obtain  satisfac¬ 
tory  blood  specimens  for  blood  count,  growth  rates  were  not  determinabl'; 
and  organ/bo4y  weight  ratios  could  not  be  calculated. 

4.71  BEHAVIOR 

There  was  no  unusual  behavior  in  the  case  of  the  guinea  pigs,  ex¬ 
cept  for  increased  nasal  discharge  and  acute  respiratory  difficulty  in 
pigs  in  the  two  upper  groups,  following  even  the  first  day*s  exposure. 
There  was  no  evidence  of  central  nervous  system  stimulation  or  depres¬ 
sion  aside  from  the  accompanying  depression  with  respiratory  infection. 

4.72  MORTALITY 

By  the  end  of  the  third  week,  50%  or  more  of  each  group  exposed 
to  the  vapors  of  HN£  had  died.  None  of  the  control  animals  had  succumV 
ed  by  this  time.  The  time  for  100%  mortality  was  the  fourth  week  in  th ; 
case  of  the  3.0  and  1.0  ppm  animals,  and  the  fifth  week  in  the  case  of 
0.3  ppm  animals.  All  the  control  animals  had  also  died  by  the  end  of  .h: 
sixth  week.  It  has  been  our  experience  in  the  past,  that  when  respiratory 
tract  infections  develop  in  guinea  pigs,  there  will  be  almost  a  complete 
involvement  of  the  entire  colony  housed  within  the  same  laboratory.  It 
was  our  conclusion  that  the  irritating  vapors  may  have  activated  a 


naturally  occuri^g  latent  rtaplratory  tract  organlam*  which  then  cauaed 

a 

gantralixad  pulmonary  infection. 

All  of  the  control  group  appeared  to  be  eaaentially  healthy  until 
the  latter  part  of  the  4th  week,  when  the  reapiratory  tract  infection  which 
had  killed  the  majority  of  the  ether  anlmala  became  active  in  thia  group 
aa  well.  The  weight  changea  were  not  obtained  on  all  axiimala,  but  when 
noted,  in  all  caaea  there  did  appear  a  decreaae  from  the  original  weight. 

In  Bome  thia  amounted  to  aa  much  aa  4S%. 

4.73  GR06S  PATHOLOGY 

In  almoat  all  caaea.  there  was  evidence  of  lung  pathology.  Thia 
conaiated  of  emphysema,  thoracic  hemorrhage,  bronchial  and  lobar 
pneu  nonia.  bronchiectasis,  and  pleural  effusion.  In  a  few  instances  there 
was  noted  enlargement  of  the  heart,  and  in  one  animal  exposed  to  3.0  ppm 
there  was  what  appeared  to  be  a  pericarditis. 

4.74  i^JCKObCOPlC  PATHOLOGY 

Observations  following  microscopic  observation  confirmed  the 
presence  of  diffuse  bronchopneumonia,  and  pneumonitis  in  all  animals. 
There  were  area/i  of  marked  alveolar  distention,  though  no  evidence  of 
what  would  be  e<;|uivalent  to  an  emphysema  in  human  pulmonary  paUiMrjT  • 
No  significant  lesions  were  seen  in  the  livers,  kidneys  or  other  tissues. 

4.80  KcJPEATED  oKlN  APPLICATION  10  RABBlTa 

The  individual  irritation  scores  following  application  of  HN£  are 
summarised  in  Table  38  A  and  B.  The  minimum  score  achieved  in  all 
rabbits  was  sero.  and  the  maximum  was  two.  The  maximum  irritation 
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obtainable  by  this  reading  is  8,  and  the  score  of  one  would  show  very  mild 
irritation.  In  four  of  the  six  rabbits  there  was  a  slightly  greater  irritation 
score  in  the  case  of  the  hexane  plus  HN£  than  appeared  with  the  hexane 
control  alone.  In  two  of  these  there  was  no  significant  difference.  The 
mean  score  for  hexane  was  less  than  one  in  all  but  4  of  the  18  final  mean 
readings.  Three  of  these  occurred  on  rabbit  6.  and  none  reached  a  score 
of  1.2.  It  can  be  concluded  from  these  observations,  then,  that  continual 
exposure  to  HN£  will  produce  little,  if  any.  skin  irritation,  and  that  repeat 
ed  contact  should  not  present  a  significant  skin  irritation  problem. 

4.90  HUMAN  SENSORY  R£SPONS£d 

The  majority  of  the  subjects  who  were  tested  at  the  0.2S  ppm  con* 
centration  level  showed  no  response  at  all.  and  in  r.one  of  the  categories 
was  the  response  greater  than  "slight".  At  0.5  ppm  eye  irritation  of 
moderate  intensity  occurred  in  more  than  half  of  the  subjects,  and  more 
than  half  also  were  able  to  recognize  a  slight  but  distinctive  odor.  No  sig¬ 
nificant  nasal  irritation  occurred  at  this  level. 

Eye  irritation  was  noted  by  all  subjects  to  a  moderate  or  greater 
degree  at  1.0  ppm,  and  one  response  of  "extreme"  was  recorded.  Nas  J 
irritation  was  much  less,  with  5  of  the  7  subjects  indicating  no  more  tha.i 
slight  nasal  irritation  at  this  level.  The  odor  was  recognized  by  the  ma¬ 
jority  of  the  subjects  as  being  moderately  intense  at  1.0  ppm  and  above. 

On  exposure  to  the  highest  concentration,  eye  irritation  was  again  the 
response  with  the  highest  scoring,  all  subjects  indicating  "moderate"  to 
"severe"  irritation.  Olefactory  cognition  was  not  of  a  high  level  at  this 
concentration;  however,  the  nasal  irritation  was  only  slight. 


in 
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The  itnaory  nodelitj  moet  conmonly  affected  on  expoeure  to  HN£ 
vapore*  tlierefore«  wae  eye  irritation,  and  thie  could  be  conaidered  to 
eerve  aa  a  aifnificant  warning  at  levela  of  1.0  ppm  aad  above. 

No  persona  e]q>oaed  ahowed  aity  aignificant  degree  of  pulmonary 
diacomfort,  and  what  haa  been  related  aa  auch  by  five  of  the  aubjecta  who 
reaponded  positively  in  this  category  at  the  four  levels  of  exposure,  was 

probably  in  reality  moderate  pharyngeal  irritation  only. 

_  * 

The  odor  of  the  compound  was  only  fairly  useful  aa  an  indication  of 
its  presence.  While  being  recognised  by  some  of  the  aubjecta  at  the  lowest 
concentration  tested,  the  majority  did  not  recognize  the  presence  of  any 
material  at  this  level.  At  the  highest  concentration,  leas  than  half  of  the 
voluntoers  responded,  and  then  with  only  alight  olefactory  atimulation. 

The  central  nervous  system  effects  were  only  noted  aa  "sli^t".  and 
these  consisted  primarily  of  a  slight  headache,  during  the  post-exposure  pei 
iod.  The  discrepancies  noted.inaofar  aa  greater  responses  were  sometimes 
obtained  at  lower  levels .  is  consistent  with  the  results  generally  seen  in 
a  panel  where*there  exists  varying  degrees  of  sensitivity  between  the  dif¬ 
ferent  subjects.  If.  during  the  experiment,  the  chance  distributiem  of  the 
more  sensitive  subject  does  not  re-expose  him  at  a  higher  concentration, 
his  greater  positive  response  is  removed  from  the  total  summation  of  posi¬ 
tive  responses.  In  none  of  the  subjects  tested  was  there  any  significant 
retrogression  of  responses  on  continued  exposure,  so  that  a  lesser  degree 
of  recognition  occurred  at  a  higher  concentration. 

Based  this  data,  it  would  appear  that  the  best  evidence  of  warn¬ 
ing  of  the  presence  of  undesirable  concentrations  of  hN£  would  be  eye 


irritation.  Thi«.  however,  is  not  entirely  satisfactory  insofar  as  some 
subjects  did  not  recognise  this  even  at  concentrations  as  high  as  0.5  ppm. 


5.0  DbCUjSION 


As  s  result  at  tbs  eiq>sriiDents  carried  out  in  this  stucty.  it  may  be 
concluded  that  HN£  !M4>ors  are  extremely  toxic  substances  capable  of 
giving  rise  to  chronic  intoocicatioo  on  prolonged  exposures.  The  principal 
toxicologic  effect  is  the  production  of  respiratory  tract  irritation  with 
resulting  pulmonary  edema  and  chemical  pneumonitis.  In  addition,  in 
man  it  would  be  anticipated  that  chronic  bronchitis,  interstitial  pneumo* 
nitis  and  bronchopneumonia  would  result.  It  is  also  quite  possible  that  a 
bronchiolitis  of  an  obstructive  type,  emphysema,  and  bronchiectasis 
might  follow  prolonged  exposure  to  unsafe  levels.  The  compound  is  cap* 
able  under  certain  conditions  of  liigb  exposure,  of  giving  rise  to  a  focal 
necrosis  of  the  liver  and  the  kidney.  There  was  no  significant  kidney 
pathology  at  the  0.3  level  of  exposure  as  measured  by  frequency  of  struc* 
tural  alterations,  however,  the  blood  urea  nitrogen  levels  were  elevated 
in  both  male  and  female  rats.  The  significance  of  this  elevation  in  view  of 
nmmal  kidney  structure  at  this  level,  is  not  clear;  it  does  suggest  that 
there  may  be  some  moderate  effect  on  the  physiological  integrity  of  the 
kidney.  There  did  not  appear  to  be  any  essential  differences  between 
species  in  regard  to  their  resptmse  to  graded  vapor  concentratitxis;  mice 
were  sli^tly  more  resistant  and  guinea  pigs  least  resistant  of  the  four 
species.  There  is  an  early  onset  of  respiratory  tract  inflammation  lead* 
ing  to  an  acute  and  overwhelming  pulmonary  edema  with  a  well* defined  time 
relationship  on  exposure  to  saturated  vapors. 

Based  on  these  experiments,  it  is  apparent  that  environmental 
conditions  that  would  result  in  such  conditions  must  be  avoided.  Sensory 
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warning  propartina  are  praaent,  and  while  dlatinctiva,  thay  ara  not  of 
a\ifficient  ir.tenaity  to,  in  theznaalvea,  ralate  an  unaafa  concentration. 

£ye  irritation  ia  the  moat  reliable  evidence  of  the  preaence  of  the  mater* 
ial.  Thia  ia  rather  aurpriaing  inaofar  aa  there  ia  a  definite  action  on  the 
lower  respiratory  tract  aa  well.  In  general,  compounda  poaaeaaing  acute 
eye  irritating  propertiea  and  which  ara  therefore  quite  water  aolubla,  act 
primarily  on  the  iq)per  reapiratory  tract  in  low  concentrations. 

5. 1  MECHANISM  OF  ACTION 

The  mechanism  of  action  of  this  substance  ia  apparently  one  of 
causing  surface  irritation  and  disruption  of  the  normal  cellular  integrity 
of  the  lining  of  the  respiratory  tract,  increase  in  mucous  secretion,  and 
pulmonary  edema  in  the  capillary  alveolar  areas.  In  addition  there  is 
produced  an  extravasation  of  fluid  into  the  alveolar  sacs  with  the  typical 
end  result  of  pulmonary  insufficiency.  With  the  resulting  high  incidence 
of  bronchopneumonia,  it  is  quite  likely  that  ciliary  activity  is  also  de** 
creased  secondarily,  and  that  there  is  created  a  suitable  background  for 
bacterial  invaders. 

oomewhat  to  our  surprise,  it  was  not  possible  to  demonstrate  th*; 
presence  of  roethemoglobin  formation  in  any  of  the  experiments,  and  we 
have  concluded  that  there  ia,  therefore,  no  interference  with  oxygen 
transport  through  the  creation  of  this  more  stable  form  of  hemoglobin. 
L>iver  and  kidney  damage  is  not  commonly  seen  with  agents  which  are 
primarily  irritants  of  the  respiratory  tract,  and  we  noted  that  there 
appeared  changes  almost  entirely  under  circumstances  which  gave  rise 
to  overwhelming  pulmonai*y  insufficiency  and  death.  While  some  nitro 
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compoiiiMto  do  cause  direct  cellular  hepatic  damage,  they  are  not  gener¬ 
ally  of  the  aliphatic  type.  We  postulate  that  the  action  on  both  the  hepatic 
cells  and  tubular  cells  of  the  kidney  is  one  of  direct  intoxication,  and  is 
not  secondary  to  oxygen  lack.  The  compounds  have  no  apparent  effect  on 
any  other  essential  body  functions,  and  the  treatment  rendered  one  over  * 
come  by  the  vapors  would  be  similar  to  that  for  other  irritant  agents 
affecting  the  lower  respiratory  tract,  such  as  oxides  of  nitrogen  and 
phosgene. 

5.2  POTENTIAL  HAZARDS 

Insofar  as  the  toxicity  hazard  is  concerned,  we  would  conclude 
that  there  is  present  a  moderate  degree  of  hazard  for  a  person  exposed 
to  the  vapors  of  this  material.  As  the  environmental  temperature  increases 
the  vapor  pressure  of  this  compound  rises  rapidly,  and  there  is  a  propor¬ 
tionately  greater  quantity  of  the  material  in  the  ambient  air.  We  do  net  see 
that  the  eventual  hazard,  therefore,  would  relate  to  the  production  of  acute 
and  subacute  respiratory  tract  irritation,  and  methods  suitable  for  pro¬ 
tecting  against  this  exposure  should  be  followed  and  are  suggested  in 
Section  S.3.  We  do  not  see  that  there  is  any  hazard  from  systcniic  twxi~ 
city  relating  to  other  major  body  systems,  though  liver  and  kidney  func¬ 
tion  should  be  followed.  There  is  also  a  remarkable  freedom  of  skin  ir¬ 
ritating  action,  and  we  do  not  see  the  likelihood  of  either  primary  irrita¬ 
tion  or  sensitization  from  the  compound. 
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S.3  R£COMMENDED  PKOC£DUH£j  FOK  oAFE  HANDLING 

Based  on  our  experience  in  industrial  t<ndcology.  we  would  re* 
commend  that  a  safe  handling  program  be  established  to  confine  the  va* 
pors  of  this  material  so  that  the  ambient  concentration  would  not  exceed 
0.1  ppm  in  the  air.  At  such  a  level  there  would  certainly  be  no  discomfort 
in  terms  of  eye  or  respiratory  tract  irritation,  and  unsafe  levels  so  far 
as  respiratory  tract  damage  would  be  avoided,  oince  saturated  vapors 
at  elevated  temperatures  would  probably  reach  approximately  15  ppm.  this 
is  a  recommended  dilution  factor  of  150:1. 

In  persons  who  must  work  in  close  contact  with  large  quantities 
of  this  material,  it  would  appear  desirable  to  have  adequate  ventilation 
to  maintain  concentrations  not  greater  than  those  described  above.  In 
some  instances,  when  for  one  reason  or  another  adequate  ventilation 
cannot  be  obtained,  there  must  be  local  protection,  either  through  the  use 
of  a  cariister  mask  equipped  with  an  all  purpose  canister,  or  ventilation 
supplied  through  an  air  line,  provided  elevated  concentrations  are  likely 
to  be  reached.  No  special  type  of  protective  clothing  is  needed,  since 
neither  percutaneous  absorption  nor  skin  irritation  is  a  potential  problem. 
The  potential  hazards  relative  to  flammability  and  explosiveness  are  no: 
considered  as  part  of  this  report. 

6.0  oUMMARY 

a 

(1)  A  chronic  vapor  toxicity  study  was  carried  out  on  four  species 
of  animals,  extending  for  a  period  of  90  exposures  in  male  azui  female 
rats,  and  25  exposures  in  mice,  guinea  pigs  and  rabbits. 
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(2)  L«v«U  of  exposure  were  3.0.  1.  0  end  0.3  ppm  for  all  epecies. 

(3)  The  top  level  of  expofure.  3.0  ppm.  was  lethal  to  the  majority 
of  species.  No  significsot  effect  on  mortality  occurred  at  the  1.0  ppm 
level  for  rats  or  mice,  but  was  present  in  the  case  of  guinea  pigs  and 
rabbits. 

(4)  Mean  weight  gain  was  decreased  in  mice  at  the  3.0  ppm  level. 
There  were  instifficient  survivors  among  other  groups  to  make  significant 
observation  relative  to  the  effect  on  weight. 

(5)  The  chief  toxic  effect  of  HNE  vapors  in  all  species  was  pro- 
dxiction  of  pulrAonary  tract  irritation  and  resulting  pulmonary  pathology. 

(6)  Orgaua/body  wei^t  ratios  were  used  as  an  index  of  toxicity 
and  showed  significant  changes  in  the  male  and  female  rats  exposed  to 
1.0  ppm  and  in  mice  exposed  to  3.0  and  1.0  ppm. 

(7)  Examination  of  the  blood  indicated  no  deleterious  effect  on 
red  or  white  cell  production,  the  distribution  of  different  types  of  white 
cells,  or  the  activity  of  the  bone  marrow  in  any  of  the  species. 

(8)  Measurement  of  blood  urea  nitrogen  indicated  an  increase  in 
this  value  at  both  1.0  and  0.3  ppm  in  the  case  of  rats.  The  significance 
of  this  finding  is  eqtiivocal  in  terms  of  kidney  disfunction  at  the  lower 
level  of  exposure,  since  the  structural  integrity  of  the  kidney  was  intact. 

(9)  Gross  pathologic  changes  in  all  species  were  most  commonly 
seen  in  the  lung  and  there  was  present  at  varying  levels  evidence  of 
bronchiolitis,  bronchopneumonia,  interstitial  pneumonia  and  congestion. 
In  addition,  some  alterations  were  noted  in  the  liver  and  kidneys  of 
specific  groups,  generally  those  animals  dying  from  the  higher  levels  of 
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•sposur*.  A  niunber  of  other  etructurel  change*  were  obaerved.  Theee 
were  not  felt  to  be  due  to  the  experiment  and  there  wae  no  general  del* 
eterioue  effect  on  other  organ  or  tieeue  etructuree. 

(10)  Chronic  akin  irritation  teete  indicated  the  compound  to  be  a 
relatieely  non- irritating  aubetance.  and  no  epecific  hasard  relatiee  to 
continuoue  akin  contact  wae  noted. 

(11)  deneory  reeponee  atudiea  indicate  that  eye  irritation  ia  the 
moat  uaeful  index  of  expoaure  to  the  vapora  of  HN£.  with  moderate  to 
extreme  irritation  appearing  at  1.0  ppm.  Naaal  irritation  and  olefactory 
recognition  are  relatively  leaa  uaeful  criteria  in  eatimating  the  preaenca 
of  the  material. 

(13)  Continued  expoaure  to  the  vapora  aaturated  with  UNE  ia  un* 
deairable  and  may  prove  lethal  in  a  period  aa  abort  aa  30  minute*. 

(13)  The  mechaniam  ci  action  of  thi*  cmnpound  i*  primarily  that 
of  a  pulmonary  tract  irritant;  there  may  be  aome  influence  on  the  liver 
and  kidney  aa  well. 

(14)  oafe  handling  procedure  would  neceaaitate  eatabliahment  or 
a  work  aituation  which  would  allow  expoaure*  at  no  greater  than  0. 1  ppn. 
for  prolonged  period*  of  time,  and  concentration*  on  the  order  of  5*1C 
ppm  ahould  be  permitted  for  only  a  few  minute*. 
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T«bl«  1-A,  K«8n  Weight  Gain  fcr  MaJ.e  and  Feaale  Rata  AjTtar 
C.u'onic  Exposure  to  HUE 
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Exposure 
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0.3  PPM 

171 

255 

49.12 

Males 

Control 

2U 

424 

73.77 
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0.71 

0.68 

0.66 

0.44 

0.51 

0.47 

0.47 

0.74 

0.61 

0.52 

0.51 

0.48 

0.54 

0.46 


0.558 


*flgnificantly  different  froei  onntrola 


I 


46. 

9.  SuMnr  of  IndiTiduAl  Organ-Bcxly  Weight  2Utlo«  of  Olfforont  Organs 
for  Milo  Sats  Expotsd  to  Dlffersnt  Cone  snt  rat  ions  of  HNE 


Idsntlfioitlon  | 

Orgsn/Body  Wslght 

{%) 

txpooors  j 

Sot  Ho.  1 

Hssrt  : 

Lirer  { 

Kidneys 

Lung 

Testes  j 

1 

Control 

1 

0.26  ; 

1 

2.88 

0.68 

0.45  i 

1 

0.85  i 

2  ! 

0.24 

4.U 

0.70 

0.40 

0.82  ! 

3 

0.27  ! 

3.22 

0.67 

0.51 

0.93  : 

4 

0.31  : 

3.32 

0.69 

0.52  , 

1.04  ! 

5 

0.24  ' 

3.05 

0.65 

0.40  1 

0.77  ( 

6 

0.27 

3.10 

0.72 

0.44  j 

0.81  j 

7 

0.28 

2.67 

0.64 

0.42 

0.76  t 

6 

0.23 

3.49 

0.63 

0.44  ' 

0.72  ' 

9 

0.28 

3.02 

0.81 

0.41  1 

0.95 

10 

0.32 

2.66 

0.65 

0.37 

0.78 

Mssa 

0.27 

L  3.155 

0.68 

0.44 

0.84 

1  PPM 

1 

0.28 

2.91 

0.72 

0.79 

0.97 

2 

0.28 

3.09 

. 

0.75 

0.87 

i 

(1  testis) 

3 

0.27 

3.U 

0.61 

0.74 

0.92 

4 

0.28 

2.89 

0.66 

0.98 

0.78 

5 

0.29 

3.12 

0.66 
j  0.62 

0.57 

0.85  1 

6 

0.34 

2.61 

0.78 

0.96  1 

7 

!  0.31 

2.72 

0.71 

0.78 

1.03  1 

6 

0.27 

2.96 

0.65 

0.70 

0.87 

9 

0.26 

2.70 

1  0.72 

0.56 

0.83 

10 

0.24 

3.10 

,  0.66 

0.76 

0.81 

11 

0.29 

2.98 

0.71 

0.00 

0.84 

12 

0.25 

2.85 

^  0*67  . . . 

0.58 

0.88 

...  ... 

Moan 

_ 0.28 

2.96 

!  0.68 

*  0.74* 

0.89 

0.3  PPM 

1 

0.28 

i  3.50 
3.29 

1  0.74 

»  0.42 

1.00 

2 

0.28 

0.65 

i  0.53 

0.96 

3 

'  0.27 

2.93 

1  0.60 

t  0.43 

0.77 

4 

0.30 

1  3.53 

1  0.75 

i  0.40 

0.88  i 

5 

0.26 

3.34 

!  0.63 

•  0.44 

'  1.02 

6 

0.28 

‘  3.13 

0.62 

’  0.35 

0.95  ! 

7 

0.30 

;  3.10 

'  0.71 

0.40 

0.87  j 

8 

j  0.28 

3.25 

0.70 

0.43 

0.83  I 

9 

0.25 

2.78 

0.66 

'  0.36 

1  0-^  i 

10 

’  0.27 

2.93 

,  0.69 

i  0.35 

i  0.78 

U 

'  0.25 

.  2.89 

0.63 

0.37 

1  1.04 

12 

;  0.25 

:  3.00 

0.63 

*  0.37 

0.76 

13 

0.25 

-  2.99 

'  0.66 

;  0.32 

i  0.‘73 

U 

1  0.27 

3.28 

1  0.37 

0.76 

Moon 

!  0.27 

1  3.U 

0.67 

1  0.396 

0.81 

1  . .  ■  .1.. 

*signlficantlj  dlffsrsnt  froa  controls 
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T4bl»  yx  Sua^ry  of  Individual  Organ-Body  Walght  Ratios  of  Diffarsnt  Orfans 
for  Hals  Hies  Kiposad  to  Different  Concentrations  of  HNS 


Identification 


Orgarv'Body  Weight  {%) 


'  Exposure 

! 

I  Control 


Rat  No. 

Heart 

.  ..J 

Liver 

Kidneys 

Lung 

0.52 

6.00 

i.ja 

0.76 

2 

o.a 

6.75 

1.56 

0.50 

3 

0.47 

5.27 

1.17  ;  0.57  1 

4 

0.39 

5.86 

1.54  1  0.64 

5 

0.38 

5.97 

1.24  !  0.69  ! 

6 

0.34 

6.09 

1.56 

0.75 

7 

0.45 

5.64 

1.64 

0.77  ' 

8 

0.47 

6.34 

1.47 

0.69 

9 

0.42 

6.18 

1.52 

0.61  1 

10 

0.34 

5.54 

1.20 

0.57  1 

U 

0.48 

7.85 

1.63 

0.81  1 

12 

0.50 

6.73 

1.55 

0.64  ! 

13  . 

0.48 

8.24 

1-48 _ 

0.86  1 

Mean 

_0.43 

6.34 

0.68  i 

4.57 

6.31 
5.05 
5.60 

4.32 


1.4a 

3.85 

1.65 

1.55 

1.63 


1.13 

1.46 

1.00 

I.IO 

1.68 


1.274* 


0.93 

1.07 

0.71 

0.95 

1.05 

0,83 

0.84 

0.82 

1.00 

0.90 

0.85 

1.28 


o 


IMO*  u. 


a. 


SmmuT  of  ladlvldiiftl  Lui^->Bo49r  Wtl^bt  latlot  of  Control  BtbblU 
Md  fhoto  ftepoood  to  0*3  PIK  of  MIS 


1  ( 

1  iKpoonro  1  Mibbit  Mo. 

Tondnol  |  Botio  | 

Modjr  Nt  (gn)  Umg  Wt  (|^)  '  iung/Bodly  (Jt)  I 

1  Control 

1 

« 

1 

2  . 

1 

2325  1  12.76 

2335  1  8.06 

1 

0.55  ! 

0.35  i 

Noon 

2330  1  10.42  1  0.45  1 

0.3  PPM 

i 

1 

2 

3 

2850  !  18.91 

2835  12.97 

2935  J  27.55 

0.66 

0.46 

0.94 

1 

Noon 

2673  19.81 

L_.  ?•« _ ! 

49. 


Tabla  12.  Smmrj  of  tha  Indlridual  Blood  Count*  on  a  Serlaa  of  Tan  Faoala 
Rata  Takan  Froa  Each  Expoaur*  Group 


Idantificatlon  I  Datanaimtion 


1 

Marrow 

,  fienoglobin 

Mort^ 

Mautro- 

Eoainox 

Ixpoaura 

Rat  No. 

ealls/fenur 

W.B.C. 

cjrtaa 

cjrtaa 

phila 

Phil*  1 

Control 

1 

109500 

4400 

13.4 

2 

69 

23 

2 

98200 

4350 

12.8 

2 

71 

25 

2  ' 

3 

58600 

12.3 

1 

63 

36 

0  1 

4 

71200 

2650 

12.8 

7 

75 

16 

2 

5 

66700 

3150 

12.9 

1 

83 

16 

0  ! 

6 

111500 

4450 

12.8 

0 

83 

17 

0 

7 

97300 

4650 

12.1 

3 

54 

42 

1 

e 

108000 

11.7 

2 

51 

44 

3 

9 

32200 

12.8 

0 

79 

15 

6 

10  , 

97500 

11.9 

2 

48 

_  .  50_ 

_ P_ 

Maan 

85070 

4085 

12.55 

2.0 

67.6 

28.2 

2.0 

3  PPM 

-•-i 

15.4 

63 

35 

1 

1  PPM 

1 

129000 

3150 

12.8  1  1 

82 

15 

2  1 

2 

137000 

15.6 

6 

78 

10 

6  • 

3 

102000 

13.1 

4 

88 

6 

2 

u 

135000 

8100 

12.9 

1 

74 

24 

1  : 

5 

131000 

12.9 

0 

84 

15 

1  1 

6 

124000 

12.6 

5 

76 

17 

2  1 

7 

98000 

5750 

13.5 

4 

49 

45 

2  i 

6 

124000 

12.7 

3 

84 

9 

4  1 

9 

12.0 

3 

57 

36 

^  ' 

_ 

uaooo 

Li250 

12,8  j 

6 

.  81 _ 

11 

_ 2.  J 

Maan 

121333* 

13.1 

3.3 

75.3 

18.6 

- 

2.6  ! 

0.3  PPM 

1 

9000 

12.1 

— 

1 

63 

36 

0  ! 

2 

12.1 

4 

71 

23 

2  ' 

3 

7850 

U.7 

9 

87 

3 

1  1 

4 

116000 

9350 

12.1 

1 

71 

24 

5 

104000 

5650 

12.5 

1 

80 

18 

1  1 

6 

7050 

12.9 

4 

48 

46 

2  ! 

i  7 

124000 

8000 

U.2 

0 

91 

9 

0  i 

1  a 

6950 

12.6 

5 

60 

32 

3 

'  9 

i6acxx) 

8500 

12.4 

1 

1  ^ _ 

135000 

_79P0  1 

13.4 

3 

63 

l_J4 _ 

1  P_ 

1 

1 

'  Maan 

139400* 

7683* 

12.3 

3.1 

70.4  i  24.7 

14 

^algnlficantlj  dlfferant  fron  eontrola 


r-«  r-l  tM  O 
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a.  s^mmn  Cf  U«  IjrflTi*.!  mood  CoonU  oo  .  S«^„  ct  T«>  dm, 
T&c«i  Tram  Sftch  fiqx>«w  Croup 


Id«ntlficatioo  « 


,  Ut  Id. 


Control 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


1  PPM 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


Moan 


r- 


0.3  PPM 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


Moan 


OeterolxiMtion 


Bbno  Marrow 
calle/feanr 

t 

! 

M«»globln 

_ p  i 

132000 

!  7700 

12.9 

141000 

j 

13.3 

X393O0 

6150 

13.9 

90000 

-  4000 

13.1 

109500 

‘  7400  ; 

12.5 

234000 

i  7150  • 

12.0  i 

86200 

!  3600  ! 

13.2  ; 

128200 

1  5750 

13.1  1 

126000 

t  7300  ■ 

13.0  1 

204000 

1  7200  . 

13.0 

1390» 

13.0  ] 

114000 

>10750  ■ 

10.9  ! 

109000 

i  8550  • 

15.0 

131000 

i  9450 

13.1 

149000 

7300 

13.2 

132000 

7300  1 

14.2 

154000 

7600  : 

14.5 

140000 

6350  1 

1 

14.0  1 

82000 

7150 

13.6 

100000 

6250  ' 

14.7 

98000 

_7000_|_ 

._23..1 

^120^ 

7770*1 

13.6  I 

208000 

lUOO  ‘ 

12.4 

223000 

12850  : 

13.6 

202000 

12700  , 

13.6 

180000 

12230  j 

12.3 

151000  1 

11850  . 

12.0  , 

145000  1 

8400 

12.8 

157000  , 

9150  , 

13.6 

255000  1 

10050  1 

12.8 

117000 

14000  , 

12.3 

161000 

10000 

13.2 

179900* 

11533*  i 

12.9  ; 

Mono-  '  ,  Me'utro-  Eosino- 

cytee  cytee 

phile 

.  phile 

1 

f 

‘  49 

i  ^9 

i 

1 

<  1 

2 

i  74 

18 

1  6 

2 

i  24 

1  7 

3 

>  65 

j  31 

1  1 

i 

I  69 

1 

29 

A. 

1 

i 

!  30 

t  0 

0 

1  68 

2 

!  69 

30 

0 

0 

i  48 

'  51 

1 

_2_ 

; 

34 

1 

1.3 

i  61.9 

34.6 

!  2.0 

9 

!  48 

42 

I'T-i 

12 

73 

15 

0 

4 

‘  63 

33 

0 

ID 

75 

14 

1  ! 

3 

81 

i  U 

2  i 

1 

84 

■  ^0 

5  ! 

6 

77 

16 

1  ; 

5 

71 

24 

0  i 

6 

64 

28 

2  j 

.7.  . 

62 

L  30  ; 

1.3  , 

69.8 

22.5 

1 

2  1 

70 

28 

0 

^  1 

69  . 

21 

6 

2 

72 

24 

2  ! 

2  i 

U  1 

55 

2 

1  1 

70  ! 

28 

1  , 

>9 

36  j 

1 

1  1 

66 

27  ’ 

4 

0 

^  » 

68 

30 

2  i 

2 

51 

47  1 

0 

3  ‘ 

71 

L 

3 

2.1  i 

63.9 

31.7  ‘ 

2.1 

♦ai^nlficantljr  different  fron  controlo 
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1kbl«  14.  SiaBury  of  th«  IndiTldual  Blood  Couoto  oq  Control  Robblto  ond 
Tbooo  Sxpoaod  to  0*3  PM  of  HKS 


!  Idontlficatlon  '  Determination 


Expoauro 

Rabbit  No. 

W.B.C. 

Hemoglobin 
cm  % 

'  Mono- 
1  cytoa 

!  I^ospbo-  \  Noutro-  !  loaino- 
.  cytoa  :  phila  |  phila  < 

Ba80> 

phila 

Control 

1550 

11.0 

i  3 

^  76  ‘ 

8 

0 

2 

7000 

12.9 

i 

2 

76 

1 

1 

21 

0  ’ 

...  ..  ..__j 

Moan  !  4275 

11.95 

. 

1  76  : 

4.5 

17 

0 

0.3  PPM 

1 

9800 

13.9 

1  4 

73 

0 

1 

22  , 

1  1 

t 

2 

5650 

13.2 

’  6 

1 

:  79 

0 

15 

°  i 

3 

19050 

^  ^  - _ 1 

10.6 

4 

.  42 

0 

54  i 

0 

■ 

Moan 

11500 

12.6 

!  4.7 

.  64.7 

— 

0 

30.3 

0.3 

52. 


Ttbl*  15*  Susoary  of  Indlridual  Elood  Urea  Nitrogen 
Detemlnations  in  Fenale  and  Hale  Rats  and 
Male  Rabbits  Exposed  to  Different  Concen¬ 
trations  of  HNE 


Identification  |  Blood  Urea  Nitrogen  ffn/lOO  ml 


'  Aniaal  <  Rata  i  Rabbits 


Exposure  [ 

Feoale  , 

J 

( 

t 

Control  ' 

1 

1 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 

25 

25 

23 

<10 

33 

26 

'  10 

:  31 

26 

20 

26 

21 

23 

25 

18 

30 

20 

23  . 

! 

32 

^10 

1 

1 

1 

1 

i  23.3 

23.2 

1 

*  J 

i  3  PPM 

.  28 

1 

i 

t  1  PPM 

1 

23 

1 

1 

1 

2 

*  31 

19 

! 

k 

1 

1 

3 

!  39 

31 

* 

1 

1 

1 

19 

1 

! 

1 

5 

1  20 

31 

) 

1 

1 

6 

1  30 

44 

1  1 

1 

,  30 

30 

I 

8 

i 

1  33 

1 

1  9 

1  44 

1  30 

1 

I  10 

:  28 

-i  _ _  _  . 

1  39 

!  ' 

i 

1  Mean 

1 

0.3  PPM 

1 

1 

!  31 

25 

-  -l 

i  <10  f 

I 

,  2 

i  30 

25  1 

1 

3 

'  38 

1  28 

.  <10 

1 

1 

4 

!  34 

30 

!  ! 

5 

1  25 

28 

i 

6 

i 

26 

1 

,  7 

'  28 

20 

i 

t  8 

!  26 

'  30 

' 

'  9 

,  36 

1 

10 

1 

1  30 

28 

t 

Mean 

,  29.7* 

i  28.1* 

,  -  - 

1  1 

Tabl< 


\  Week 
Death 

Ist 

1st 

2nd 

3rd 

3rd 

! 

Lth 

4th 

'  5th 
5th 
6th 
7th 
I  7th 

1 

Mea 

b.  Exp 

c.  Exp 


♦significantly  different  fro«  controls 
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Table  16.  Cross  rithologieal  Findii;g3  in  Male  Rats  Which  Died  During  Chronic 
£3qx>s^c  to  3*0  PPM  and  1.0  PPm  of  HN£ 


Week  of 
Death 

Wt.  Chang#  * 

Gross  Findings  ^  j 

1st 

-47.6 

Upper  1.  lobe  casooue;  lungs  dilated  and  eaiphyseiBatous ;  j 
cut  sections  ooze  ' 

1st 

-33.0 

Lungs  slightly  emphysematous;  cut  sections  ooze  > 

2nd 

-37.7 

Lungs  IS  above;  liver  mahogany  colored,  congested  | 

3rd 

-23.1 

Lungs  empho'semtous ;  acute  pulmonary  edema  1 

3rd 

-  6.6 

Lungs  markedly  enlarged,  gorged  with  fluid,  soi&s  ! 

apparent  pneumonia;  acute  paaaive  congestion  of  liver j 

Lth 

+13.2 

Lungs  emphysematous;  heart  dilated;  liver  dark  I 

Uh 

[ 

+22.6 

Markedly  dilated  lungs;  liver  dark;  red  blood  elsewhere; 

'  5th 

1 

-  5.7 

Lungs  white,  swollen,  turgid;  liver  dark  | 

* 

5th 

-  5.2 

Nothing  noted  > 

6th 

+13.2 

Lungs  greatly  enlarged)  liver  dark  I 

7th 

-15.1 

Lungs  pink  with  red  spots;  liver  dark 

7th 

-21.8 

Lungs  pink  with  darker  spota  ^  ' 

..  Y  100 

Moan  Initial  Weight 


b.  Exposed  to  3*0  PPM  unless  otherwise  indicated 

c.  Exposed  to  1.0  PPM 


Tkbl«  17*  Grost  Pttbologic&l  Finding*  in  FmuiIo  lUta  Which  Died  During  Chronic 
Sxpoaura  to  1.0  and  0.3  PPM  of  HNS 


Week  of 
Death 

i  Wt.  Chaii|e*i 

Gross  Findinge^ 

3pd 

1 

1 

•34 .2  1 

1 

Obstruction  of  descending  colon;  txnar;  lungs  slightlj  i 

1 

i 

edenatous 

1 

4th  j 

-22.6  1 

Lungs  narkedljr  snpfqrseaatous;  viscera  dark 

4th 

4th 

-  4.5 

lungs  enphTtenatous ;  liver  dark;  narked  rigor 

♦  9.7 

Lungs  aarkedlj  enlarged  and  ootlng;  Uver  dark;  rigor 

Lungs  enlarged  with  dark  red  and  white  spots;  liver  i 

5th 

>30.3 

1 

dark 

5th 

^  0.6 

Lungs  as  above;  fluid  in  thoracic  eavit]p;  liver  dark 

1 

Lungs  as  above;  liver  dark  | 

5th 

>40.6 

5th 

>11.0 

Nothing  noted  ; 

6th 

-9.7 

Lungs  eapKyseBiatous  i 

6th 

-  6.5 

Lungs  as  above;  liver  dark 

6th 

-23.2 

Lungs  white  with  bobm  red  Bottling  ^ 

t 

6th 

+33.5 

Lungs  pink  with  red  Bottling  1 

6th 

-  1.3 

Nothing  noted 

7th 

1 

-27.1 

Lungs  pink  with  dark  red  spots;  stosBach,  intestine 
enpty 

13  th 

>25.7 

( 

'  Lungs  aod.  enlarged— 3  areas  of  red  blotches  on  pleural 

1  surface;  cut  sections  oose  xnieous° 

rf 

Lungs  sBphTSBiatous 

i  17th  ^  -19.3 

b«  Exposed  to  3*0  PPM  unlaaa  othandas  indicated 
c.  Exposed  to  1*0  PPM 
d*  fiepoaed  to  0*3  PPM 


55. 

T«bl«  1B«  Croat  PathologicAl  Findinga  in  Habblta  Which  Olad  Dtirlnc  Chronic 
Exposure  to  Three  Concent  re  liens  of  and  Air  Control 


^  Wt.  Change*  ^  F?M  I  Cross  Findings 


- 1 - r 

Ist 

3.0  : 

Lungs  Bottled  and  appear  oaphjseBatous 

Ist  ! 

-  9.9 

3.0  1 

Markedly  enlarged  lungs  with  fluid;  cut 

I 

1 

I 

1 

surfaces  oose  bloody  fluid 

Ist 

-30.7  1 

3.0  j 

Lungs  enlarged;  cut  surfaces  oose 

let 

-  ; 

3.0  i 

Lungs  appear  nornal 

2nd  { 

j  -18.8  i 

1.0 

Patchy  pneuaonia;  aoderate  aaount  of  fluid 

2rKl  1 

1  -10.1  i 

1  1 

1.0 

Lower  lobes  consolidated 

2nd  ' 

1 

1.0  I 

I  i 

Medial  lobe  hepatized,  haeorrhagic;  sene 
edeiaa,  areas  of  asphjTSSBM,  pneuaonia 

4th  1 

r 

1.0  ! 

1 

Areas  of  pneuaonia 

1 

3nl 

j  -15.2 

1  ■  1 

•  1 

0.3 

Lungs  enphyseoatous,  left  lobes  heaorrhagic; 
liver  dark— acute  passive  congestion; 
heart  dilated 

5th 

» 

Severe  diarrhea,  emaciation;  liver  bile- 
stained;  hard  white  spots  (2tDn);  area  of 

i 

1 

hepatization  on  lungs,  severe  congestion; 

1 

! 

edema  fluid  upon  cutting 

6th 

i 

1  .ir 

^  Diarrhea;  hssnrrhagic  patches  on  left  lobe 
'  of  lung 

*  Terminal  Weight  _  . 
Mean  Initial  Weight  * 
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Xftbl*  ly.  SroM  raiinlafictl  Findiof*  in  Mic*  »ileh  Had  daring  Ghroola 
&90Mr»  to  IkrM  Coneantratioea  of  ME 


jWaak  of  1 
*  DaaU 

%  Wt.  Q«i«o* 

P?N  Groaa  Plndingo 

lot 

3.0  1  Lungo  appaar  noraal 

1  lot 

3.0  *  -  - 

Irt 

3,0  i  •'  *•  *• 

jm  1 

3.0  1  Lun^a  ooill,  but  appaar  nonal 

1 

;  4th 

-33.9 

3.0  1  Hhita  opota  on  liver  (paraoiteoT);  laft 

kldnoy  oaall  with  1x2m  axtamal  growth; 

1  lungs  noraal 

5th 

-  7.5 

3*0  1  Lungs  soaawhat  congested 

5th 

-11.9 

3.0  Lungs  enlarged,  with  snail  blebs;  hesior- 

rhaglc,  eaphysenatous 

5th 

-25.1 

3*0  ;  Calcified  liver  with  fibrin  tags;  lungs 

enlarged  with  pale  areas;  nodular  growth 

on  kidnejr;  stripe  with  difficulty 

t 

3rd 

1 

1.0  1  Lungo  enlarged,  extended,  heoorrhagic 

4th 

-12.8 

0*3  •  White  spots  on  liver  (parasite?) »  spot  on 

1  kidney;  lungs  appaar  noraal 

,  Ttnitofd  HiW 

Naan  Initial  Naiflit 


I  100 


a 


20.  Gro«c  r«thoIs$l£«I  Iz  Gtc-Ac*  rigs  lAiich  QisiS  Dorlog  Chronic 

Siposure  to  Ihroe  Conc«r.tratl‘3n»  :>f  MSE  and  Air  Cootrol 


Veek  o: 
Doath 


%  'ift.  Changa  PFM 


Cross  rindlx^ 


I 


1st 

-  7.6 

3 

1 

Lungs  slightlj  errfjhjssoatoas  < 

1  1st 

-19.7 

:  5  . 

iiothirg  noted 

.  !•<' 

-11.6 

3  . 

5 

Lungs  Bodsratsljr  dilated  • 

;  3rd 

1 

1 

-  7.6 

t 

1 

1 

Lungs  eRphTseoatous,  hcaorrhagos  in  thoracic  caritj;  . 
psrlcardisl  sac  full  of  fluid,  enlarged  heart;  ’ 

pneuaonla  In  right  lower  and  eedial  l(^)es  j 

i  3rd 

1  ^  i 

Lungs  scoewhat  enlarged  with  fibrinous  tags}  sons  edsoal 

4th 

-43.7 

-31.7 

1  3  , 

:  1 

Right  lobe  (S^ihjsaMtous,  discolored,  pneueonic;  User  i 

bile-stained  • 

1 

1  5th 

i 

!  3  ' 

1 

1  i 

Hesurrhagic  areas  in  lungs,  bronchiectasis,  heart,  > 

spleen  enlarged  | 

j 

1  3rd 

I 

1 

!  1  1 

i 

i 

Lungs  enlarged;  heaorrhagic  exudate  in  thoracic  casity  | 

Rxtenslre  heiaorrhage  in  thoracic  easlty;  lunge  enlarged j 

1 

'  3rd 

1  1  ! 
i  ' 

3rd 

-27.9 

i 

1 

L.  lower  lobe  emphyseaatoxxs;  kidnojr  enlarged,  aottled  i 

3rd 

* 

1 

Heisorrhage  in  thoracic  caslty,  areae  of  eaphTSeaa*  | 

congestion  | 

4th 

1 

1 

i‘l 

Ihoraclc  cavity  full  of  blood,  sane  edena,  with  white  i 
spots  1 

4th 

1 ! 

! 

Fluid  in  thoracic  cavity;  right  lobes  hypereodc,  con¬ 
solidated,  left  lobes  entphyseBiatoua,  consolidated 

2rKi 

-44.9 

1 

0.3  ' 

1  1 

Lungs  enphyseoatous,  congested,  possibly  pnavnonic 

1  3rd 

1 

1 

1 

1 

;  0.3  1 

'  i 

1 

Fluid  in  thoracic  cavity,  one  lobe  autolyaed,  also 
liver 

3rd 

1 

j  0.3  ' 

Blood  in  thoracic  cavity,  lungs  enlarged  | 

4th 

i 

1  0.3  ! 

Blood  in  thoracic  cavity  j 

I 


j  4th 

1 

-37.8 

• 

0.3 

L.  lower  lobe  ntod.  pneuxaonlc,  slight  bile-staining  of  i 
liver 

1  4th 

-37.0 

0.3 

Left  lobes  moderntely  pneumonic 

'  5th 
j  4th 

-15.4 

0.3 

Lungs  enlarged 

Air 

Patchy  pneumonia  upper  1.  lobe;  gall  bladder  distended  | 

4th 

—40.9 

Air 

Pneisnonic  process  1.  lower  lobe?;  gall  bladder  distend- i 
ed 

5th 

-25.2 

Air 

nothing  noted 

Tkbla  21«  GroM  PAtholecj  of  Halm  Bota  *1  Tlae  of  Socrlfleo 


I  Cootrolt  i 


0.3  PFM 


I 

! 

I 

I 

j 


I  1.0  PFN  , 

I  I 

I  I 


1 


Wn,  ! 


6 

10 


f 


! 

I 

« 


1 

4 

5 
8 

11 

12 

13 


l 

i 


Gros«  flndlx^ 


Meeentoric  txmoT  (l  cm  dlaaator) 

INaor  In  aeoeotory  near  coecua  (l  x  3/4  oi)  ’ 


Toaor  In  eaociii  (l  cx  diaaator) 

Five  cyata  (l^  ca  dlaaatai)  in  cawntiw 
IWKiT  (1  ea  dlaaater) 

TS(C  tuaors  (l  x  3/4  ca) 

Tm  saall  Umor*  in  caacua 

Lungs  aaall;  saall  aeaontsrlc  tuaor 

Lungs  saall 

Right  lower  lobe  of  lung  enlarged; 
mesenteric  tuuor  (1x1  ca) 

Lungs  enphyseDStous 

Mesenteric  tvanor  (ixl^  ca) 

Lungs  snail,,  collapsed;  aesenterio  tiBK>r 
(2x1  ca) 

Generalised  enphjseaa 
Mesenteric  tumor  (l  ca  diameter) 

Lungs  small 

Mesenteric  tumor  (2  x  3/4  ca) 


t 


i 


I 

1 

♦ 

\ 

I 

( 


I 

« 

t 

I 

I 

I 

I 

\ 

t 

1 


?«Ukclac7  of  Tmmlm  iat«  aX  Tlae  of  SmerifXf 


Cgvmp 


Codlrol*; 

I 

I 


0.3  f?M 

I 

I 


I 


! 


1.0  PPM 

I 


I 


I  I 


3.0  PPM 


tet  lo.' 

t 

6 

7 

8 

10  , 

t 

11 

1 

2 

3 

4 

5  i 
7 

9 

10 

11  I 

12 
13 

1 

2 

3 

U 

5 

7 

8 
9 

10 
12 

13 

U 

1 


Girt>f«  Firidtr^ 

Lur^  ir:  mv^zvI  lcb«9 

T-Aor  (1«  =&  diaaetcr)  coa^wi  wll  Istertlm  , 

I  •  t.  t  at  tt 

IW)  eaecAl  twors  (2  cb  dlaMterj.  loculAt«d; 
ona  portion  boBorriM^c 

T'jKr  (1x2  cm)  in  n— nt«,  loculatad 

Tuaor  (ixl^  ck)  in  aooentory  namr  caacm,  locu- 
latod 

Tixacr  (1^x1^  ca)  - 

T'xaor  (l  cn  (iiaaeter)  "  i  ►  i. 

IVnor  (1^x2  ca)  ’  *•  "  **  '■ 

So&U  tuaor  or  cyst  (yea  dlwetor)  ••  abora 
Tttsor,  thick-wallod,  solid 
Llxer  friable 

Three  txBOre  in  caocal  araa  (2j^i  ca) 

Soall  tuaor  (^xi  ca) 

Ti»or  (l^xi  rn) 

Tupwr  (3x2x1^  ca) 

Possible  c::phycQaatou0  areas  in  right  lower 
lobe 

Eiajrhyseoatous  area  of  1/8”  on  lower  lobe; 
lobe  enlarged 

Soce  enJiirgement  of  sereral  lobes 

Timor  in  caecixn  (1x1  cm) 

Einphysemtous  lobes;  upper  left  lobe  ospe- 
ciaMy  aa'ked 

Doubtful  sacculation  in  left  lower  lobe  of 
lunf 

Stomach  mucosa  haaorrhaglc;  2tEni  white  scar 
on  lesser  c^irvaturo 

Einphysematous  areae  in  lungs 

Left  lower  lobe  eaiphyswnatous 

Fran]^  bronchiectasis  upper  right  lobe;  hyper¬ 
trophied 

Caecal  tumor  (l  cm  diajsster) 

Bronchiectasis  of  lower  right  lobe 

Numerous  tumors;  lungs  enlarged,  emphysematous  ^ 
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Tftbl*  23.  Qross  Fatbolo(gr  of  Mie«  And  E&bbitx  «t  Tim  of  SAcrlfie* 

I 

Gross  Findings 


Qrott]}  •  No«*«  Mo. 


I 


Controls  1 

U 

i  Blood  in  abdondnal  csvity 

1 

1 

13 

^  Cyst  on  liver;  liver  friable 

1 

j  0.3  PPM  i 

t  f 

\ 

d 

[  Liver  covered  wiXii  punctate 

1  enlAi^ted;  lungs  pele 

1.0  ?PK  j 

8 

i 

Possible  bl^  on  lungs 

1 

i  3.0  PW  1 

1 

'  Queetionsble  sagsihyseos 

L 

2 

\  Liver  friable 

!  l.M>U  He. 


C<»itroX»i 


0.3  PFH 


1 

3 


Sncjsted  pftrasltos  in  livor 


J 


I 


Large  cyst  (3x1^  ca)  on  loft  lowr  lobe  of  ! 
lung;  cAtMtion  of  entlro  lung;  ecrTeml  I 
pAUhe*  of  cAleificAtloci;  cyvtf  in  iivor  J 
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Tabl«  2U»  SumoAry  of  Microscopic  Pathologic  Findings  in  ilnlc&ls 
Which  Died  Inuring  Chronic  Etpooures  to  Three  Concen* 
trationa  of  HNE 


Identification  '  Nuniber  of  Animals  3hoidj)g  Organ  Pathology 


No.Anioals 

Eiajnined 

PPM 

Lungs 

1 

Liver 

Kidneys 

BP  ;  PB  i  IF 

C 

FN 

C 

CLN 

FN  1  Other: 

Feoiale 

1  i 

i  ;  ! 

- 1 - 

' 

1 

1 

Rats  1 

1.0 

1  ' 

•  1 

1 

! 

f 

» 

15 

o 

14  1 

.  I. 

11  ’ 

14 

1  - 

1 

Ifele 

'  1 
‘ 

1 

Rats  1 

» 

0.3 

1  1 

1 

6 

1.0 

1  1 

2 

2 

1 

i 

( 

J 

» 

7 

. 

o 

L 

3  :  5  !  2  .  4 

1  j 

5 

4 

2 

Mice  1 

Control 

!  1  1 

I 

f  1 

1 

' 

0.3 

: 

1 

1 

■ 

1 

1.0 

^  ' 

1 

1 

i 

3.0 

1 

4 

3 

1 

1 

t 

t 

1 

3 

1 

1  RabbiU  2 

i  T  -T  7 

I  Control  1  1  1  ' 

. 

r* 

j 

l“ 

}  * 

1 

0.3 

1  1 

» 

■ 

1 

• 

i 

t 

1 

U 

I 

I  1.0 

2 

1 

1 

i 

U 

1  3.0 

4 

3 

‘  4 

*  3 

1 

. 

BP'»Bronchopneuiaonia;  PB»Peribronchlollti8;  IP*Interstitial  Pnevraonia; 
O^i^ngestion ;  FN>Focal  Necrosis;  CUM^entral  Lobular  Necrosis; 
I^Infarct;  IH"Interstitial  Heo^rrhage 
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Tftble  25 •  Sucmi^  of  Kicroscopic  P*thologic  Finding*  in  Anioals  Which 
Sunrivod  Chronic  £xpo*ur«e  to  Thr««  Concentration*  of  HNS 


- - - - - ^ - - - 

I  IdMtifieation  i  Nuodbor  of  Anioal*  Showing  Organ  Pathology 


lio.Aniaal*  PPM 

Smminad  I 

1 

Lung* 

BP  .  P6 

' 

IP 

Liver 

FO  FW 

1  1 
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t  '  -| 

FN  I  1 

I 

1 

t 
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, 

1 

» 

1 

1 
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*  14 

J 

:  5  i 

U 
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U  U 

u 

t 

; 

i 

1  “  ' 

. 

l.O 

u 

1 

2  1 

1 

3.0  1  1  1 

: 

I  1  i 
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^  1 

; 

_ 

r 

. 

■ 

, 

! 

1 

t 

Rata  10 

Control 
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‘! 

2  ! 

.  1 

0.3 
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u 

1  ' 

‘  ; 

12 

1.0 

12 

i 

i 

. 

Mica 

'  I 

f 

1 

1 

1 

13 

Control 

14 

0.3 

1  1  U 
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12 

1.0 
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12 
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!  -  ! 

_L 

, 

_  _ *  ,  . 

Rabbit* 

;  ' 

! 

1 

2 
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■ 

I  * 

3 

0.3 

1  1 
_ !  _3_ 

i 

BP^fironehopneunoniai  PM’eribronchioliti* ;  IP*Int*r«titial  Pnauaonia} 
F(^ooal  Oranvilowii  Fl^ocal  Naorovia 


Hinlmoii  0 
MajdJDvai;  1 
Mmd  0l2< 


•lopoeeiblt  to  read  because  of  acaling 
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Table  26-B.  IndlYidual  Irritation  Scores  Following  Application  of  HN£  to  Rabbits 


c  ^ 
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1 

Rabbit  5 

i 
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8 

HsJtane 

Hexane  1 

Hexane 
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I 
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*lapo6oibla  to  read  because  of  scaling 
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Table  27*  Suenary  of  the  Sensory  Rueponee  Data  to  HN£ 


A  ■  absent 
S  «  alight 
M  looderate 
Sa  •  seTere 
S  "  extreme 


